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Introduction
Since the 1990s, the identification and documentation of 
clinical adverse events, particularly postoperative events and 
surgical site infection rates after specific procedures, has been 
advocated as quality indicators in hospital quality assurance 
programs.1 Registering complications is important in surgery, 
since complications serve as outcome measure and indicators 
of quality of care.2-4 The use of standardised, valid and reliable 
definitions is fundamental to the accurate measurement and 
monitoring of surgical adverse events.5 

Complications in trauma care may occur because of 
provider-related or patient disease-related events. With regard 
to provider-related events particularly, errors in technique 
may be attributed to inexperience, haste, unfamiliarity with 
devices, inadequate institutional protocols and failure of 
providers to use recognised endpoints. Furthermore, errors in 

judgment may occur as a result of failure to access available 
patient information, proceeding with intervention despite 
available information, and failure to utilise available care 
guidelines.6,7

Studies of trauma systems have shown that errors in the 
resuscitative and operative phases occur more commonly, 
but critical care errors have had the greatest impact on 
preventable death. Important error patterns included: failure 
to successfully intubate, secure or protect an airway, delayed 
operative or angiographic control of acute abdominal/pelvic 
haemorrhage, delayed intervention for ongoing intrathoracic 
haemorrhage, inadequate deep vein thrombosis (DVT) 
or gastrointestinal prophylaxis, lengthy initial operative 
procedures rather than damage control surgery in unstable 
patients, over-resuscitation with fluids, and complications of 
feeding tubes. The most common single error across all phases 
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of care was failure to appropriately evaluate the abdomen.8-11 
Although essential for life support in the critically ill, by 

its very nature the ICU is a dangerous environment for a 
patient. The insertion of hollow luminal devices into the upper 
airway, vascular system, and urinary tract, and the need for 
multiple drug therapies coupled with limited physiological 
and immunological reserve invite complications unrelated 
to the pathology necessitating admission. Few studies have 
addressed trauma ICU complications in the South African 
setting, with little to no quantification or categorization of 
these often preventable errors. In a one-year prospective study 
by Muckart et al.12 just over one-third of patients admitted 
to a surgical ICU suffered one or more adverse events with 
a significant increase in mortality. To address this knowledge 
gap, we reviewed trauma ICU complications among South 
African patients receiving treatment at a level 1 trauma 
intensive care unit in a quaternary level hospital in Durban, 
KwaZulu-Natal, South Africa.

Patients and Methods

Data Sources
We conducted a retrospective study at the Trauma Intensive 
Care Unit (TICU) Inkosi Albert Luthuli Central Hospital 
(IALCH), a quaternary level teaching hospital located in 
Durban, KwaZulu-Natal (KZN) and a Trauma Society 
of South Africa accredited Level 1 Trauma Centre. The 
unit receives both children and adults directly from the 
scene of injury or from various regional hospitals within 
the province of KZN. All complications are recorded on a 
specific proforma. We reviewed adult and paediatric patients 
admitted to the TICU from September 2012 to August 2013 
and identified those with complications as documented on the 
proforma. In addition, information was extracted from the 
hospital electronic records of these patients for the following 
study objectives:
1.	 Identify the commonest causes of ICU complications.
2.	 Categorise and quantify non-sepsis versus sepsis-related 

complications and recognise significant pathogens. 
3.	 Assess duration of ICU admission and outcome in 

relation to complications encountered. 
Patient data obtained from the electronic registry included 
demographics, mechanism of injury, length of ICU admission 
and ventilation, number and type of complications per patient 
and patient outcome. Complications were categorised into 
sepsis and non-sepsis related events. Sepsis-related events 
included surgical site sepsis, pneumonia, vascular catheter 
related sepsis, urinary tract infection and other sites of sepsis. 
Non-sepsis related complications were those encountered 
during insertion or removal of endotracheal tubes, drains, 
arterial lines, central venous pressure lines, gastric and urinary 
catheters, as well as resuscitative, intra- or postoperative 
complications. 

Statistical Analysis
An ICU data collection form was used to collect and manage 
data. Patients with complications were compared with patients 

who did not have complications and the chi-square test was 
used to assess differences in mortality. The means of length 
of stay for the two groups were compared using a two sample 
t-test assuming unequal variances. All patient variables were 
analysed using Microsoft Excel 2007 (Microsoft Corporation, 
Redmond, WA, USA).

Ethical approval
We obtained ethical approval for the study from the Bioethical 
Research Ethics Committee of the University of KwaZulu-
Natal (BE294/13 and BCA207/09). Hospital permission for 
the use of patient medical records was obtained from IALCH 
and KZN Department of Health.

Results

Patient Demographics and Outcome
Of 238 admissions during the 12-month study period, 
complications were identified in 77 (32.4%) patients. Sixty 
two (80.5%) out of the 77 patients were male and 15 (19.5%) 
patients were female. Median age at time of admission was 
28 years (interquartile range (IQR) 18–38 years). Seventeen 
(22.1%) out of 77 patients were admitted to the ICU directly 
from the trauma scene, while 60 (77.9%) were transferred to 

Table 1. Patient Demographics and Clinical Data
Age in years median (IQR) 28 (18–38)

Male n (%) 62 (80.5%)
Female n (%) 15 (19.5%)

Inter-hospital transfer n (%) 60 (77.9%)

Mode of Injury n (%)
   MVA pedestrian 25 (32.5%)
   MVA passenger 15 (19.5%)
   MVA driver 14 (18.2%)
   Gunshot wound 5 (6.5%)
   Stab wound 3 (3.9%)
   Blunt trauma 13 (16.9%)
   Other 2 (2.6%)

Length of ICU stay in days median (IQR) 16 (11–24)
Ventilatory support n (%) 71 (92.2%)
Number of complications n (%)
   1 38 (49.4%)
   2 16 (20.8%)
   3 12 (15.6%)
   4 3 (3.9%)
   5 5 (6.5%)
   6 3 (3.9%)
Mortality n (%) 19 (24.7%)

IQR = interquartile range
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the ICU from other hospitals. The mechanism and mode of 
injury are described in Table 1. The median length of stay in 
ICU was 16 days (IQR 11–24 days). Seventy one (92.2%) 
patients required ventilatory support, with a median duration 
of 11 days (IQR 8–18 days) per patient. The injury severity 
score (ISS) was > 16 in 66 (83.1%) patients, with a median 
ISS of 29 (IQR 20–34) in the survivor group and 34 (IQR  
25–41) in the non-survivor group.

Characteristics of Complications
Thirty nine (50.6%) patients developed 2 or more 
complications (Table 1). The total number of complications 
was 161, of which 64 (39.8%) were non sepsis-related (Table 
2) and 97 (60.2%) were sepsis-related events (Table 3). The 
characteristics and frequency of complications, in relation to 
onset, ISS and mortality, are detailed in Tables 2 and 3. 

Of the 64 non-sepsis related complications 29 (45.3%) were 
directly related to removal of the endotracheal tube, of which 
the need for reintubation was the commonest complication. 
Twelve (18.8%) adverse events were as a consequence of 
shock, postoperative haemorrhage and or cardiorespiratory 
arrest, and 9 (14.1%) complications occurred post-
procedurally, 6 of which required further surgical intervention. 

With regard to sepsis-related complications, 37 (38.1%) 
out of 97 events were due to ventilator associated pneumonia 
(VAP). The median onset of pneumonia was Day 8 of ICU 
admission (IQR Day 5–13). The most common organisms 
found in patients with pneumonia were Haemophilus 
influenzae, Acinetobacter baumannii, Klebsiella pneumoniae 

and Pseudomonas aeruginosa observed in 12 (32.4%),  
9 (24.3%), 8 (21.6%), and 4 (10.8%) of cases respectively. 
Acinetobacter baumannii, particularly, was isolated with other 
organism/s in 6 (66.7%) out of 9 pneumonia cases, however  
2 (33.3%) out of those 6 cases had a concomitant Acinetobacter 
baumannii bacteraemia. In 10 (27.0%) of the 37 pneumonia 
cases, the same organism isolated from the respiratory site 
was also isolated from non-respiratory site/s up to 7 days after 
the diagnosis of pneumonia. The median onset of surgical site 
sepsis was Day 9 of ICU admission (IQR Day 6–16). The most 
common causative agent of surgical site sepsis, isolated from 
5 (29.4%) out of 17 cases, was Pseudomonas aeruginosa. 
The most common organisms found in other sepsis-related 
complications, are described in Table 3. 

The median length of ICU stay for patients with 
complications was 16 days (IQR 11–24 days) compared to  
7 days (IQR 4–13) in those without complications (p < 0.001). 
Of the 161 patients without adverse events there were  
28 (17.4%) deaths compared to 19 (31.6%) in the 77 patients 
who incurred complications (p = 0.22). 

Discussion
The highest quality of care is the expected norm in a level 
1 trauma ICU; notwithstanding, complications do occur 
in such settings. Our study describes the characteristics of 
complications encountered by patients in a South African 
level 1 trauma ICU over a twelve-month period. We found 

Table 2. Spectrum of non sepsis-related complications for trauma cases
Complication Frequency 

n (%)
Day of Onset 

Median (range)
ISS > 16 

n (%)
Mortality 

n (%)

Failed extubation 13/77 (16.8%) 8 (2–33) 12/13 (92.3%) 0/13 (0.0%)
Post-extubation stridor 9/77 (11.7%) 6 (4–26) 8/9 (88.9%) 0/9 (0.0%)
Shock or cardiorespiratory arrest 8/77 (10.4%) 1 (1–7) 7/8 (87.5%) 6/8 (75.0%)
Accidental extubation 7/77 (9.1%) 6 (2–21) 6/7 (85.7%) 2/7 (28.6%)
Postoperative complication requiring 
additional surgery

6/77 (7.8%) 13 (1–26) 3/6 (50.0%) 3/6 (50.0%)

Venous thrombosis/pulmonary embolism 4/77 (5.2%) 18 (7–35) 3/4 (75.0%) 1/4 (25.0%)
Postoperative haemorrhage 4/77 (5.2%) 5 (2–8) 3/4 (75.0%) 3/4 (75.0%)
Arterial Line/Gastric Catheter-related 
complication

3/77 (3.9%) 6 (1–23) 2/3 (66.7%) 2/3 (66.7%)

Small bowel obstruction 3/77 (3.9%) 11 (6–34) 1/3 (33.3%) 0/3 (0.0%)
Pneumothorax 2/77 (2.6%) 16 (1–30) 1/2 (50.0%) 1/2 (50.0%)
Postoperative myocardial infarction 1/77 (1.3%) 6* 1/1 (100%) 1/1 (100%)
Aspiration Pneumonia 1/77 (1.3%) 4* 1/1 (100%) 1/1 (100%)
Wound dehiscence 1/77 (1.3%) 11* 0/1 (0.0%) 0/1 (0.0%)
Adverse drug reaction 1/77 (1.3%) 5* 1/1 (100%) 0/1 (0.0%)
Failed intubation 1/77 (1.3%) 1* 0/1 (0.0%) 0/1 (0.0%)
Total 64†

ISS = Injury Severity Score; *Range not calculated based on single value; †Several patients developed more than one non sepsis-related 
complication.
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that one out of every three patients admitted to the ICU 
developed complications, comparable to reported ICU 
complication rates of 22.6–31.2% in high-income countries 
(HICs).13,14 This is also similar to a previous report from South 
Africa documenting a complication rate of 34.8%.12 More 
than ninety percent of patients required ventilatory support 
during the course of their ICU stay. The need for mechanical 
ventilation was related to the overall severity of injury, with 
most patients in our cohort being classified as having serious 
or severe injury according to their ISS.

The commonest non sepsis-related complications in 
our study were related to extubation events. The need for 
invasive mechanical ventilation is associated with airway and 
pulmonary complications. Hollow luminal devices such as 
endotracheal tubes have an unfortunate tendency to injure the 
upper airway, migrate, obstruct, and render patients susceptible 
to pneumonia. The commonest airway complication was the 
need for reintubation after planned extubation. Despite the 
introduction of specific weaning protocols, extubation failure 
rates have remained static with about one-quarter of patients 
requiring reintubation.15 

Numerous pathologies may be attributable to extubation 
failure including critical illness myoneuropathy, undiagnosed 
pneumonia, upper airway oedema, and excessive sedation.16 
The need for reintubation is associated with increased 
morbidity, and death has been reported in as many as 50% 
of those requiring reintubation.17 The commonest risk factors 
are >  60 years and chronic cardiac or respiratory disease. 
Although minimising extubation failure, a successful trial of 
spontaneous breathing is not an absolute guarantee of success 
and will not identify those suffering upper airway oedema and 
post-extubation stridor. 

The use of steroids in patients at increased risk of post-
extubation airway oedema prior to extubation has been 

debatable but recent reviews suggest that a short course 
is beneficial.18 High risk patients include children, neck 
surgery, eclampsia and neck trauma. While a number of 
patients with unplanned or accidental extubation who are on 
a spontaneous breathing mode may not require reintubation, it 
is a potentially serious complication, especially in those who 
are undergoing mandatory ventilation.19 Frequent assessment 
of the depth of the endotracheal tube at the incisors, adequate 
sedation and analgesia, the use of hand restraints, and most 
importantly counselling awake and cooperative patients are 
useful interventions.

VAP is the most common nosocomial infection in 
mechanically ventilated patients,20 and was diagnosed in 
38% of our patient cohort and accounted for almost 50% 
of sepsis-related complications. Although reported to be 
commoner in trauma patients, it appears to have less impact 
on outcome compared to non-trauma critically ill patients.21 
That the vast majority of trauma patients are much younger 
than those with non-trauma pathologies explains this paradox. 
Although a direct association with mortality is debatable, it 
is associated with prolonged mechanical ventilation, longer 
ICU stay, increased use of antimicrobials and higher costs.22 
Time of onset may be defined as early within 48 hours of 
intubation, or late occurring from Day 5 onward. Early VAP 
is associated with community acquired and late VAP with 
hospital acquired pathogens. This is influenced, however, by 
prior exposure to antimicrobials.23 The majority of episodes 
in our study occurred after 5 days and were therefore late 
VAPs. Gram-negative organisms were observed in most cases 
of pneumonia, with Haemophilus influenzae being the most 
frequently observed organism, and that this was isolated in 
late VAP is due to most of the patients being antibiotic naïve 
with no prior therapy. 

Surgical site infections are common in the critically ill 

Table 3. Spectrum of sepsis-related complications
Complication Frequency 

n (%)
Day of Onset 

Median (IQR)
ISS* > 16 

n (%)
Mortality 

n (%)
Most Common** Organisms Isolated

Acinetobacter 
baumannii 

n (%)

Klebsiella 
pneumoniae 

n (%)

Pseudomonas 
aeruginosa 

n (%)
Pneumonia 37/77 (48.1%) 8 (5–13) 33/37 (89.2%) 5/37 (13.5%) 9/37 (24.3%) 8/37 (21.6%) 4/37 (10.8%)
Surgical site sepsis 17/77 (22.1%) 9 (6–16) 11/17 (64.7%) 4/17 (23.5%) 3/17 (17.6%) 1/17 (5.9%) 5/17 (29.4%)
Line sepsis 15/77 (19.5%) 15 (8–21) 9/17 (52.9%) 2/15 (13.3%) 6/15 (40.0%) 2/15 (13.3%) 2/15 (13.3%)
Bacteraemia 12/77 (15.6%) 15 (10–20) 9/12 (75.0%) 2/12 (16.7%) 4/12 (33.3%) 3/12 (25.0%) -
Urinary tract 
infection

7/77 (9.1%) 17 (11–40) 4/7 (57.1%) 1/7 (14.3%) 2/7 (28.6%) 1/7 (14.3%) 2/7 (28.6%)

Peritonitis 4/77 (5.2%) 10* 1/4 (25.0%) 2/4 (50.0%) 1/4 (25.0%) 1/4 (25.0%) -
Meningitis 3/77 (3.9%) 13* 3/3 (100.0%) 1/3 (33.3%) 2/3 (66.7%) 1/3 (33.3%) -
Sinusitis 1/77 (1.3%) 12* 1/1 (100.0%) 0/1 (0.0%) - 1/1 (100.0%) -
Pleural effusion 1/77 (1.3%) 1* 1/1 (100.0%) 1/1 (100.0%) - - -
Total 97†

IQR = interquartile range; ISS = Injury Severity Score; **Haemophilus influenzae was the most common organism isolated in 12 (32.4%) 
out of 37 pneumonia complications, however it was not common in other sepsis-related complications; *IQR not calculated because < 5 
values in range; †Several patients developed more than one sepsis-related complication.
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who have undergone abdominal surgery.24 The majority of 
organisms involve hospital acquired ESKAPE pathogens 
namely Enterococcus faecium, Staphylococcus aureus, 
Klebsiella pneumoniae, Acinetobacter baumannii, 
Pseudomonas aeruginosa, and Enterobacter species. In 
February 2017, the World Health Organisation considered 
them the greatest threat to health as these pathogens 
demonstrate considerable resistance to antimicrobials. As 
such, empiric antimicrobials must cover extended spectrum 
and possibly carbapenemase beta-lactamase producers.

Although Acinetobacter baumannii was the most frequently 
observed organism in all our sepsis-related cases, its 
pathogenic role is debatable and in the majority of instances 
it is simply a coloniser. To avoid overuse of antimicrobials it 
is essential that colonization be distinguished from invasive 
infection.25 Antimicrobials may not be necessary, and due to 
its inherent multi-drug resistance our policy is not to institute 
treatment if found with other pathogens.26 In the presence of 
sepsis and if Acinetobacter baumannii is the sole isolate, then 
therapy is commenced as it may be pathogenic.27 If regarded 
as colonization, the incidence of sepsis-related complications 
may have been overestimated in this study.

A significant risk factor for the development of complications 
is the length of ICU stay, with more than half of our cohort 
developing complications after Day 7 of ICU admission. The 
association with length of stay has been described in other 
studies.13,14 On average, non-sepsis related complications 
occurred earlier during ICU stay than sepsis-related 
complications, with the exception of venous thrombosis-
related complications. That complications are associated 
with an increased length of stay is generally accepted but 
begs the question whether adverse events prolong stay or 
whether the severity of illness requires a longer time in ICU 
which invites more complications. The only previous study 
documenting adverse events in a surgical ICU in South Africa 
found a significant association with mortality.12 Although 
the mortality rate in patients incurring complications was 
almost twice that in those without, we could not demonstrate 
a similar association. Mathematical significance must not be 
confused with clinical relevance, however, and may simply be 
a problem of sample size.28 Regardless of statistics, a doubling 
of mortality rate is of undoubted clinical importance and cause 
for concern. The complications documented in this study 
emphasise the need for an evaluation of extubation protocols 
and infection control procedures to reduce the number of 
provider-related complications. 

Conclusion
While outlining the spectrum of complications that occurred 
within a level 1 ICU in a South African setting as compared 
with a first-world setting, this study highlighted significant 
preventable provider-related complications. 
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