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Background: Indwelling devices (IDs) are ubiquitous in modern healthcare and may often be associated with morbidity.
This paper investigates adverse events related to IDs in surgical patients, which are generally placed into patients either
to administer therapy, manage outputs or for specific therapeutic benefit.

Methods: A retrospective electronic database-based assessment of all adverse events relating to IDs was undertaken from
December 2012 to August 2021. All events were categorised by device type, event type, and event severity.

Results: A total of 11 130 morbidities were captured over the study period. Of those, 2 195 entries pertained to an ID with
2 402 reported adverse events affecting 1 592 patients. Two-thirds occurred in males and injuries occurred in patients age
ranging from eight days to 93 years, with an average age of 36 years. The most frequently implicated devices were surgical
drains (including intercostal chest drains), accounting for 491 (20.44%) of adverse events. Central venous catheters
(CVCs) and intravenous cannulae were involved in 374 (15.57%) and 332 (13.83%) events, respectively. Unplanned
removal (346, 13.91%), output not measured (319, 12.82%), injury (314, 12.62%), and blockage (279, 11.21%) were the
most common error types. The majority of adverse events were considered minor, however 27 (1.1%) patients experienced
organ dysfunction as a result of an ID-related adverse event, and seven (0.3%) died.

Conclusion: Morbidity related to IDs in surgical patients is a relatively frequent occurrence. Standardisation of ID
insertion and care, staff education, and improvements in communication have been identified as the most important
strategies by which we can limit error-associated morbidity in patients with IDs.
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Introduction

The publication of To Err is Human at the turn of the
millennium highlighted the fact that significant harm is
incurred by patients secondary to human error and adverse
events in health care.! This contributed to the patient safety
movement and encouraged several interventions designed
to promote patient safety. Despite these efforts, the modern
healthcare environment remains a relatively unsafe one when
compared with other high-risk settings, such as the aviation
industry and nuclear submarines.? The proposed strategies to
eliminate or reduce human error and adverse events in health
care have included operative checklists, the development of
early warning systems, mechanical marking of operative
sites, and enforced protocols. Whilst these efforts have
assisted in reducing unintentional harm in surgical care, they
are not completely failsafe. Healthcare workers with varying
skill and experience levels interact with a diverse patient
cohort that demonstrate differing demographic and disease
profiles, introducing multiple variables into an unpredictable
and imperfect system. In light of this, it is important to
capture as much data as possible about human error and
adverse events within the healthcare system. Analysis of this
aggregated data may allow for a deeper understanding of
causation and contributing factors to help develop evidence-
based strategies that reduce both the incidence of, and the
impact of, error and adverse events.
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Indwelling devices (IDs) are ubiquitous in modern health
care. They include peripherally inserted venous catheters,
centrally inserted venous catheters, urinary catheters,
surgical drains, intercostal chest drains (ICDs), endotracheal
tubes, tracheostomy tubes and nasogastric tubes. They are
generally placed into patients either to administer fluids or
antibiotics, facilitate controlled drainage or for monitoring
purposes. Adverse events associated with these devices are
well known and have been widely reported. Cooke et al.
conducted a large cross-sectional survey in 2018 looking
at consumer perspectives on the insertion of a peripherally
inserted venous cannula (PIVC). They reported that while
approximately 70% of inpatients require a PIVC, patient
surveys regarding PIVC indicated that the insertion of
even simple peripheral inserted venous (IV) line can
result in significant distress.®> The same applies to almost
all other IDs which are used commonly in modern health
care. Our institution has maintained an electronic medical
record system for a decade. This system captures data on all
surgical admissions and has a dedicated platform to capture
morbidity. This allows for the accrual of a significant data
set pertaining to human error and adverse events in surgery.
Following a review of almost ten years’ data, this paper
aims to classify adverse events that occur due to the use
of IDs and document their severity. We hope to further our
understanding of adverse events in surgical care, and to
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better comprehend the contribution of human error to these
adverse events.

Methods

The Hybrid Electronic Medical Registry (HEMR) is
an electronic database of all patients admitted to the
Department of Surgery at Greys Hospital, Pietermaritzburg,
South Africa. This system has been functional since
December 2012. All data is covered by class approval from
the Biomedical Research Ethics Committee (BREC) of the
University of KwaZulu-Natal (BCA 221/13). All morbidity
data between December 2012 and August 2021 were
extracted for analysis. Captured morbidities were included
for all ages, both genders, and all admitting surgical services
(general surgery, trauma surgery, and paediatric surgery).
Once adverse events related to the use of ID were identified,
further analysis was undertaken. Each event was categorised
by type of device involved, the type of adverse event, as well
as according to the Clavien—Dindo classification system.

Results
A total of 11 130 morbidities were captured for the period

(56.2%) were admitted under general surgery, 851 (38.7%)
by trauma surgery, and 108 (4.9%) by paediatric surgery.

Indwelling device type

When divided by type, the most frequently implicated ID
were surgical drains (including ICDs), accounting for 491
(20.44%) of 2 402 adverse events. Central venous catheters
(CVCs) and PIVCs were involved in 374 (15.57%) and
332 (13.83%) of events, respectively (Table I). Of those
491 events relating to surgical drains, 163 (33.2%) were
due to the output not being measured, and 66 (13.4%) due
to unplanned removal (Table II). CVC-related adverse
events totalled 394, contributing 15.6% of the total. In
this study it was noted that 73 (19.5%) instances of CVC-
related sepsis occurred, and 110 (29.4%) injuries resulted
from the insertion or attempted insertion of a CVC. Of the
110 injuries resulting from CVC insertion, 67.3% were
pneumothorax insertions (74 of 110), and 12 (10.9%) were
an arterial catheterisation. There were 85 (22.7%) instances
of poor CVC care (dressing soiled or loose, uncapped port,

Table II: Drain/ICD-related adverse events

December 2012 to August 2021. Of those, 2 195 entries Total drain/ICD events 491 100%
(19.7% of all morbidities) pertained to ID use. These 2 195 Output not measured 163 332
ent?ies en?ompassed.Z 402 adverse events and affected 1592 Unplanned removal 66 13.4
patients (in several instances there were multiple adverse
R . i Poor care 37 7.5
events noted for a single patient on a single day). Of the Blocked " o1
2 195 entries, 1 440 (65.6%) occurred in male patients, and ocke -
755 (35.4%) in females. Injuries occurred in patients of ages Injury 28 3.7
ranging from eight days to 93 years, with an average age of Position not checked 25 5.1
36 years. Analysis by the admitting unit revealed that 1 234 Leaking 24 4.9
Not removed 24 4.9
Table I: Adverse events by indwelling device Retained haemo/pneumothorax 24 4.9
Total number of records 2 402 100% Position migrated 14 2.9
Drain/ICD 491 20.4 Miscellaneous 14 2.9
Central venous catheter 374 15.6 Malpositioned 12 2.4
Peripheral venous catheter 332 13.8 Not available 11 22
Tenckoff catheter 230 96 Not inserted 1 22
Urine catheter 228 9.5 Insertion site sepsis 8 1.6
Nasogastric or nasojejunal tube 205 8.5
Ostomy bag/wound manager 168 7.0 Table III: CVC-related adverse events
Vacuum-assisted closure 106 4.4 Total CVC-related events 374 100%
Endotracheal tube 77 32 Injuries 110 294
P 85 22.7
Ripple mattress 42 1.7 oot care
Sepsis 73 19.5
PEG/gastrostomy tube 39 1.6
Unplanned removal 43 11.5
Miscellaneous 16 0.7
Not removed 17 4.5
Tracheostomy 30 1.2 .
Position not checked 16 43
Bogota b 20 0.8
0g0ta bag Inserted but not used 15 4.0
Synthetic mesh (unspecified type) 11 0.5 Blocked 3 21
GI luminal stent 11 0.5 Leaking 6 1.6
Patient-controlled analgesia device 7 0.3 Insertion site sepsis 5 13
Vascular stent/graft 5 0.2 Used inappropriately 3 0.8
Cervical spine collar 5 0.2 Uncontrolled fluids 3 0.8
Sutures/staples 3 0.1 Malpositioned 2 0.5
Laparoscopic port 2 0.1 Premature removal 2 0.5
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line not flushed, CVC not properly secured), 43 (11.5%)
patients in whom the CVC was removed unintentionally,
either by the patient or by staff, and 16 (4.3%) cases where
the position of a new CVC was not confirmed radiologically
before use. In 17 (4.5%) patients a CVC was left in situ for
at least one additional day due to the line not being removed
as planned (Tables III and IV). PIVCs accounted for 332
(13.8%) adverse events in this study. Of the 332 total events,
161 (48.5%) were due to infiltration into the soft tissues,
50 (15.1%) due to thrombophlebitis, and 34 (10.2%) due to
unplanned removal (Table V).

Adverse events type

Analysis by morbidity type is reflected in Table VI. The most
common adverse event types were unplanned removal (346,
13.91%), output not being measured (319, 12.82%), injury
(314, 12.62%), and blockage (279, 11.21%). There were 346
(13.9%) instances of unplanned removal of an ID. Among
this “‘unplanned removal’ category, the predominant adjuncts
were nasogastric or nasojejunal tubes (NGT/NJT), surgical
drains/ICDs, urinary catheters, CVCs, and endotracheal
tubes (ETTs), comprising 91 (26.3%), 66 (19%), 49 (14.2%),
43 (12.4%) and 37 (10.7%) respectively. The remaining 60
(17.3%) were contributed to by PIVCs, gastrostomy tubes,
vacuum-assisted closure (VAC) devices, and tracheostomy
tubes. Injury as a result of ID use was documented to have
occurred 314 times over the study period; 12.6% of the total
ID-related adverse events. Of those 314, 110 (35%) were
due to CVCs and 61 (19.4%) were due to transurethral
catheters (TUCs). The majority of the TUC removals were
by the patients themselves, either in a confused state, or
accidentally. A total of 319 (12,8%) adverse events detailing
‘output not measured’ were documented in this study. Of
those, the majority are due to outputs from drains/ICDs (163,
51.1%), stomas (66, 20.7%), and catheters (63, 19.7%).

Table IV: CVC-related injuries

Total CVC-related injuries 110 100%
Pneumothorax 74 67.3
Arterial puncture 6 5.5
Arterial catheterisation 12 10.9
Vessel thrombosis 5 4.5
Guidewire loss/retention 2 1.8
Pleural placement 3 2.7
Thoracic duct 1 0.9
Subcutaneous 2 1.8
Intra-peritoneal 1 0.9
Insertion site bleed/haematoma 4 3.6
Table V: PIVC-associated morbidity

Total PIVC-related events 332 100%
Infiltration 161 48.5
Thrombophlebitis/insertion site sepsis 50 15.1
Catheter malfunction 13 39
Unplanned removal 34 10.2
Poor care 34 10.2
Injury 12 3.6
Other 28 8.4
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Table VI: Adverse event by type

Total number 2488 100%
Unplanned removal 346 13.9
Output not measured 319 12.8
Injury caused 314 12.6
Blocked 279 11.2
Poor care 212 8.5
PIVC infiltrated 161 6.5
Leaking 143 5.7
Not removed as planned 85 34
Inserted but not used 80 32
Not available 76 3.1
CVC sepsis 73 29
Not inserted/used/applied (available) 68 2.7
Position not checked 56 23
Thrombophlebitis/drip site sepsis 50 2.0
Malpositioned 40 1.6
Insertion site sepsis 38 1.5
Position migrated 32 1.3
Peritoneal dialysis sepsis 28 1.1
Uncontrolled fluid administration 28 1.1
Retained haemothorax 23 0.9
Used inappropriately 20 0.8
Premature removal 17 0.7

Clavien—Dindo classification

According to the Clavien—Dindo classification, half of the
adjunct-related morbidities were minor, or grade I (1 293,
53.8%) complications. However, 370 (15.4%) patients
required corrective invasive intervention (grade IIla), and
a further 310 (12.9%) patients required intervention under
general anaesthesia (grade IIIb) to manage the ID-related
complication. A total of 27 (1.1%) patients experienced
organ dysfunction as a result of an ID-related adverse event,
with the respiratory and renal systems being most frequently
affected. Seven (0.3%) patients demised secondary to the
ID-related complication.

Discussion

The significant morbidity associated with the frequent use of
IDs in surgical patients requiring inpatient care is highlighted
in this retrospective review.

One in five adverse events in this study related to a
surgical drain. Just under half of all surgical drain-related
events necessitated a corrective intervention. There are
two main errors associated with surgical drains, namely
errors related to recording the output of a surgical drain
and errors related to unplanned removal of a surgical drain.
Accurate output reporting is important as clinical decision-
making depends on accurate documentation. Repeated
nursing education and training is needed to emphasise the
importance of adequate documentation of surgical drain
output. Unplanned removal of a surgical drain accounted
for 13% of all surgical drain-related morbidity. Unplanned
removal may be secondary to poor fixation, inadvertent
removal by a patient, and communication errors between
staff. Standardisation of fixation technique by protocol
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is important and communication between staff members
should be improved. Improved written documentation to
support verbal orders, and the use of information feedback
systems, may contribute to reducing morbidity associated
with inappropriate and inadvertent removal of surgical
drains.

CVCs are associated with one in six adverse events.
Insertion associated injury was the most common CVC-
related adverse event, of which the most frequent were
pneumothorax and arterial injury. This is in keeping with
multiple publications documenting the spectrum of CVC-
related injuries. A variety of methods have been employed
to limit both the incidence and severity of these injuries.
These include real-time ultrasonography, simulation-based
training, and manometry.*'3 Poor care of the CVC was
associated with 22.7% of adverse events. These included
inadequate dressing of the CVC insertion site or uncapped
and/or unflushed CVC ports. These are risk factors for CVC-
associated blood stream infection (CLABSI). One-fifth of
CVC-associated adverse events were due to CLABSI. Most
centres attempt to reduce CLABSI by training on insertion
and care techniques, and the use of care bundles for patients
with CVCs.4710.13-15 These measures have lowered CLABSI
rates.'6!

Peripheral intravenous cannulation is the most common
invasive procedure in hospitalised patients and about 70%
of inpatients will require a PIVC during their hospital stay.?
There is a high rate of PIVC-associated complications
and this infers both significant morbidity and cost. PIVC
morbidity is related to accidental removal, pain, infection,
phlebitis, infiltration, and occlusion.? In our study, 13.8% of
all adjunct-related adverse events are associated with a PIVC.
This rate almost certainly represents gross under-reporting.
PIVC infiltration accounts for half of recorded PIVC-related
adverse events. This is similar to the rate documented in
other publications.»'® PIVC-related infection accounts
for 15% of all PIVC-related adverse events. Strategies to
limit PIVC-related morbidity include care bundles, and
routine site changes. The most practical approach is one of
heightened site inspection to identify erythema or tenderness
around the insertion site.>!8!°

Patients with an ID are at risk of several adverse events.
Although not all of these adverse events are related to
human error, several types of error have been identified. The
main errors are associated with device insertion, fixation,
output monitoring, and unplanned removals. There are four
potential interventions, namely insertion-related training and
standardisation, adherence to care bundles, staff education
and improved communication between staff members.
These interventions will need to be introduced as a multi-
faceted strategy, if they hope to be effective in reducing ID-
associated morbidity.

Conclusion

IDs are ubiquitous in modern health care and are associated
with significant morbidity. Standardisation of ID insertion
and care, staff education, and improved communication may
help reduce this morbidity.
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