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ABSTRACT
Background  In-hospital glycaemic management can 
reduce post-transplant morbidity, but is not always part of 
transplant care.
Objective  We aimed to reduce the mean number 
of postoperative days in hyperglycaemia (≥2 blood 
glucose >12 mmol/L in 24 hours) in kidney and liver 
transplant recipients by 30%. We also aimed to reduce the 
mean number of days between transplant admission to 
endocrine consult by 2.0 days.
Design, setting, participants  We conducted a quality 
improvement project in liver and kidney transplant 
recipients admitted to an academic transplant unit in 
Canada between 1 March 2019 and 1 May 2021.
Intervention  We developed a bedside algorithm to 
monitor post-transplant capillary blood glucose; the 
algorithm also included thresholds for nursing-initiated 
inpatient endocrinology consultation.
Main outcome and measures  We examined outcome 
(postoperative days in hyperglycaemia, days to inpatient 
endocrine consultation), process (nursing documentation 
of postoperative blood sugars) and balancing measures 
(nursing workload, postoperative days in hypoglycaemia) 
following implementation of our algorithm. We used 
Plan-Do-See-Act cycles to study three iterations of our 
algorithm, and used box plots to present outcomes before 
and after algorithm implementation.
Results  In the pre-intervention period, 21 transplant 
recipients spent a mean of 4.1 (SD 2.4) postoperative 
days in hyperglycaemia before endocrine consultation. 
The mean number of days between hospital admission to 
endocrine consult was 10.7 (SD 13.0) days.
In the post-intervention period, we observed a 62% 
reduction in postoperative days in hyperglycaemia. The 
mean number of days between admission and endocrine 
consult was reduced by 6.3 days (59% reduction).
Conclusions  Implementation of a simple, bedside 
algorithm for postoperative glucose monitoring and 
detection of hyperglycaemia in transplant patients, 
reduced the mean number of postoperative days 
in hyperglycaemia and time to inpatient endocrine 
consultation. Our algorithm continues to be used in our 
academic transplant unit.

INTRODUCTION
Hyperglycaemia is common following solid-
organ transplant; patients are prescribed 
immunosuppressive drugs, use enteral/

parenteral nutrition, experience surgical 
stress and postoperative infection and may 
have underlying obesity and diabetes.1 In a 
study of 424 kidney transplant recipients in 
the USA, 87% of those without diabetes, and 
100% of those with pre-existing diabetes, 
had at least one blood sugar  >11 mmol/L 
(≥200 mg/dL) or received a dose of insulin 
during their hospital stay.2 Post-transplant 
diabetes mellitus (PTDM, new onset diabetes 
following transplant), is also very common, 
with a reported incidence of 10%–40% in the 
first 3 years after surgery.3 4

Post-transplant hyperglycaemia is important 
to mitigate; hyperglycaemia is associated with 
morbidity including ischaemia reperfusion 
injury and delayed graft function after kidney 
transplant.5 PTDM has been linked with 
reduced patient and graft survival and an 
increased risk of cardiovascular disease and 
infection.6 Moreover, post-transplant hyper-
glycaemia can heighten the risk of mortality 
in transplant recipients.7

In-hospital management of post-transplant 
hyperglycaemia including early administra-
tion of insulin, initiation of oral/injectable 
medications and lifestyle counselling, can 
reduce blood glucose (BG), PTDM risk, 
weight and fat mass.4 8–10 Unfortunately, 
hyperglycaemia management is not always 
part of routine post-transplant care. Trans-
plant teams are often focused on the health 
of the transplanted graft, and may under-
recognise or not address abnormal glucose 
values.

Inpatient endocrinology teams might have 
an important role to play in post-transplant 
care. They can educate patients with hyper-
glycaemia, promote early initiation of antihy-
perglycaemic medications and anticipate and 
manage high and low sugars,1 11 12 particularly 
when patients’ kidney function fluctuates and 
when immunosuppressants are changed or 
started.13 In this quality improvement (QI) 
project, we aimed to reduce postoperative 
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days in hyperglycaemia and time to inpatient endocrine 
consultation with a bedside algorithm that both captured 
BG, and defined clear parameters for endocrine 
consultation.

METHODS
We used the SQUIRE guidelines V.2.0 for the reporting 
of QI projects (online supplemental appendix table 1).14

Setting
This study was conducted in an academic transplant unit 
at a large tertiary care hospital in Canada. The transplant 
unit performs about 200 solid organ transplants annu-
ally.15

At baseline, patients admitted to the unit for liver or 
kidney transplant had computer-based postoperative 
orders entered by a transplant physician, fellow or resi-
dent. Those with pre-existing diabetes had monitoring of 
capillary BG before meals, with a standard insulin correc-
tion scale to use if BG were high. Those without a history 
of diabetes had a venous BG drawn with their daily blood 
work. Transplant physicians and surgeons would use clin-
ical judgement to act on postoperative hypo or hypergly-
caemia, and request an inpatient endocrine consultation 
at their clinical discretion.

The inpatient endocrinology consult service is based 
out of another academic hospital within the city. The 
service is available for consultations in the transplant 
unit 24 hours a day. The endocrinology consult service 
includes residents, clinical fellows, diabetes nurse educa-
tors and an attending endocrinologist. The team manages 
hyperglycaemia (initiation or adjustment of insulin or 
oral/injectable medications) and educates patients about 
diabetes, the safe use of insulin, and the prevention of 
hypo and hyperglycaemia.

Patients
Our study included all patients admitted to the transplant 
unit following liver or kidney transplantation between 
March 2019 and April 2021. We included patients with 
or without a prior history of diabetes. We excluded those 
admitted for reasons apart from new transplantation (eg, 
admission for graft failure or sepsis).

Ethical issues
This project was classified as a QI investigation based on 
the requirements listed in the Tri-Council Policy State-
ment. Ethics approval was waived by our local research 
ethics board. All patients had confidential information 
protected.

Baseline assessment
Our baseline data collection took place between 1 March 
2019 and 1 August 2019. We captured the number of 
postoperative days kidney and liver transplant patients 
spent in hyperglycaemia (≥2 BG >12 mmol/L) . We 
chose this definition of hyperglycaemia to balance post-
operative targets for hyperglycaemia (guidelines typically 

recommend postoperative BG 5–10 mmol/L),16 with 
values that our endocrine and stakeholder team felt 
should be ‘actionable’ during postoperative stay (higher 
BG). We also captured the time between admission to the 
unit, and in-hospital endocrinology consultation.

Aim statements
Our primary aim was to reduce the mean number of post-
operative days in hyperglycaemia (≥2 (BG)>12 mmol/L) 
in kidney and liver transplant recipients by 30%. Our 
secondary aim was to reduce the mean number of days 
between transplant admission and inpatient endocrine 
consultation by 2.0 days.

Root cause analysis
We used a Fishbone diagram (online supplemental 
appendix figure 1) to conceptualise root causes for 
post-transplant hyperglycaemia and reasons for delay in 
endocrinology consultation. This analysis was conducted 
alongside key project stakeholders including endo-
crinologists, endocrine fellows, hepatologists, nephrolo-
gists, transplant surgeons, nurses, care coordinators and 
QI leads. Our stakeholder team felt that a major cause 
of prolonged duration of hyperglycaemia was that the 
transplant team was focused on post-surgical issues apart 
from hyperglycaemia (eg, health of graft, infections). 
Moreover, there was uncertainty regarding consultation 
etiquette (ie, degree of hyperglycaemia that is ‘worthy’ of 
in-hospital, specialist assessment).

Intervention
Based on our root cause analysis, we created an interven-
tion pick board (online supplemental appendix figure 
2) to conceptualise potential tests of change (ie, inter-
ventions). We prioritised the development of a paper-
based, easy-to-use bedside algorithm to facilitate postop-
erative glycaemic monitoring, capture of hyperglycaemia, 
and inpatient endocrine consultation. Our hope was 
that this algorithm would not only facilitate the trans-
plant team’s awareness of hyperglycaemia, but alleviate 
concerns regarding consultation appropriateness, reduce 
care burden on transplant services and promote earlier 
glycaemic intervention. Stakeholders felt it extremely 
important for nurses to be empowered to request consul-
tations directly from the endocrine service.

Our bedside algorithm is illustrated in online supple-
mental appendix figure 3 and 4. Key features are the 
following:
1.	 Patients with a kidney or liver transplant have a capil-

lary BG every 6 hours (if not eating) or before meals 
and at bedtime (if eating) for 10 days.

2.	 An endocrinology consultation is triggered by the 
transplant nurse based on the following:
1.	 For postoperative days (POD) 0–2, if there are two 

readings with BG >15.0 mM in any 24-hour period, 
the inpatient endocrinology team will be called the 
next morning for new consultation.
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2.	 From POD 3 and onward, if there are two readings 
with BG >12.0 mM in any day, the inpatient endo-
crinology team will be called the next morning for 
new consultation.

We decided against implementing a protocol for insulin 
administration by the inpatient endocrinology team. This 
is because insulin treatment regimens can be highly vari-
able among transplant patients depending on the clinical 
circumstance (pre-existing diabetes, variable kidney func-
tion, immunosuppression regimen, corticosteroid and 
other immunosuppressants, severity of obesity),1 patient 
circumstances (eg, cognition), family supports, social 
situation and patient preferences.

Family of measures
In addition to capturing outcome measures (mean 
number of days in hyperglycaemia and mean number 
of days in hyperglycaemia before inpatient endocrine 
consultation), we assessed both process and balancing 
measures. Process measures included nursing documen-
tation of postoperative BG. Balancing measures included 
number of POD with hypoglycaemia (defined by ≥1 BG 
<4 mmol/L per day), and nursing workload following 
implementation of the intervention.

Analysis
We summarised the characteristics of pre-intervention 
and post-intervention patients descriptively using Micro-
soft Excel (numbers and percentages, means, SDs or SD). 
We used Plan-Do-See-Act (PDSA) cycles with multiple 
iterative steps to collect data through project implementa-
tion. We used QI macros and Microsoft Excel for analysis 
including the creation of box plots. We elicited routine 
feedback from project stakeholders through routine 
team meetings and email correspondence throughout 
implementation.

RESULTS
The baseline characteristics of the 21 pre-intervention 
patients are shown in table 1. There was no missing data. 
There was variation in days to endocrine consultation in 
the pre-intervention period with liver transplant patients on 
average having a longer time to endocrinology consultation.

Implementation of algorithm
We aimed to implement our intervention in the spring of 
2020. However, at this time, the first wave of the COVID-19 
pandemic hit our region, and transplant surgeries slowed, 
in-hospital consultations moved quickly to remote visits, 
and hospitals became extremely burdened. Stakeholders 
decided to delay the start of our study to September 2020.

In early September 2020, we implemented our algo-
rithm (PDSA 1). At the time of initial implementation, 
endocrine consultations took place remotely (telephone) 
with both the nurses, followed by the patient.

Within a few weeks of implementation, bedside nursing 
staff communicated that the algorithm led to increased 
workload due to multiple patient phone calls to support 
remote consultations (balancing measure). Where infection 
control practices would allow, and personal protective equip-
ment was available, we converted our consults back to face-
to-face visits (PDSA 2) which improved our efficiency. Then 
in January 2021, bedside nurses noted that checking BGs for 
a full 10 days following transplant did not appear necessary 
(ie, there were no new days in hyperglycaemia noted after 
5 days of monitoring). BG monitoring up to 10 days also 
increased nursing workload. As a result, we limited postop-
erative BG monitoring to days 0–5. This third test of change 
was implemented as PDSA 3.

Post-implementation
The characteristics of patients included in the post-
intervention period are illustrated in table 2. There was 
no missing data.

The total number of POD in hyperglycaemia pre-
intervention and post-intervention is shown in figure 1. 

Table 1  Characteristics of liver and kidney transplant recipients pre-intervention

Type of transplant Type of DM
Mean number of days 
in hospital (SD)

Mean number of days in 
hyperglycaemia before 
endocrine consultation (SD)

Mean number of days 
between admission 
and endocrine 
consultation (SD)

Kidney (13) T1DM=1 12.5 (7.1) 3.8 (2.4) 4.6 (2.3)

T2DM=9

Other DM=3

Liver or simultaneous 
liver and kidney (8)

T2DM=4 38.3 (30.7) 4.6 (2.5) 20.5 (17.1)

Other DM=4

Total (21) T1DM=1 22.3 (22.9) 4.1 (2.4) 10.6 (13.0)

T2DM=13

Other DM=7

T1DM, type 1 diabetes mellitus.
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With implementation of our algorithm we noted a reduc-
tion in POD in postoperative hyperglycaemia by 59%.

The total number of days between admission to inpa-
tient endocrine consultation before and after the inter-
vention is shown in online supplemental appendix figure 
5. With implementation of our algorithm, time to endo-
crine consultation was reduced by a mean of 6.3 days. 
There was no appreciable difference in the mean number 
of POD spent in hypoglycaemia following implementa-
tion of the intervention (mean days in hypoglycaemia was 
0.5 (SD 1.4) and 0.3 (SD 0.7) days in the pre-intervention 
and post-intervention periods, respectively).

DISCUSSION
Main findings
In this QI project conducted in a Canadian academic 
transplant centre, we found that implementation of a 
standard algorithm for post-transplant hyperglycaemia 
reduced time in hyperglycaemia and facilitated a quicker 
referral for inpatient diabetes care. With some modifica-
tion, we were able to continue this algorithm during the 
first, second and third waves of the COVID-19 pandemic 
in our province.

Although clinical practice guidelines recognise the 
importance of inpatient glycaemic control,17 we were 
only able to identify one other QI study on postoperative 
hyperglycaemia following kidney or liver transplantation. 
In a Midwestern US transplant centre (2016), investiga-
tors studied the utility of a nurse-driven clinical pathway 
with established criteria for endocrinology consultation 
in liver and kidney transplant recipients. While the study 
found that the clinical pathway promoted inpatient endo-
crinology referral, there were only 30 patients included 
over a 1-month period. Moreover, the pathway did not 
include guidelines for monitoring hyperglycaemia, nor 
standard criteria for endocrine consultation. It was up 
to the transplant team to call in a consultation based on 
their discretion.18 There was also no data on the sustain-
ability of the intervention.

Strengths and weaknesses
We chose a strong intervention (algorithm) that was 
easy to use, did not require technology or electronic 
order sets, and could be executed in both a virtual and 
in-person clinical environment. It respected the principle 
of immediate advantage (ie, made everybody’s job easier 
in some way). The nurses had more autonomy, physi-
cians had some cognitive load relieved, and the inpatient 
endocrine team got involved in patient care earlier. An 
additional strength was our ongoing engagement with 
nursing and transplant teams throughout the duration of 
this project.

In terms of limitations, we do recognise that our BG 
threshold for endocrine consultation was high and 
partially subjective (ie, BG >12 mmol/L). However, we 
felt that this BG threshold would provide the optimal 
balance between clinical practice guidelines, the volume 
of patient referrals to our team, and the influence of 
infection and stress on BG values. We did not formally 
survey staff about their experience with our algorithm, 
but maintained close communications with transplant/
nursing teams and leaders throughout implementation. 
Our work was also delayed by the COVID-19 pandemic. 

Table 2  Characteristics of liver and kidney transplant recipients post-intervention

Type of transplant Type of DM
Mean number of days 
in hospital (SD)

Mean number of post-
operative days with 
hyperglycaemia before 
endocrine consult (SD)

Mean number of days 
between admission 
and endocrine 
consultation (SD)

Kidney (13) T1DM=1 10.3 (5.6) 1.5 (1.1) 3.6 (2.1)

T2DM=11

Other DM=1

Liver or combined liver 
kidney (5)

T2DM=5 16.2 (8.8) 1.8 (1.5) 6 (0.7)

Total (18) T1DM=1 11.9 (6.9) 1.6 (1.2) 4.3 (2.1)

T2DM=16

Other DM=1

T1DM, type 1 diabetes mellitus.

Figure 1  Box plot of mean number of postoperative days 
in hyperglycaemia before and after intervention. Shaded box 
represents pre-intervention period, solid box represents post-
intervention period.
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The results are also limited to our tertiary care transplant 
centre in Canada.

CONCLUSIONS
Using a multidisciplinary QI approach, we reduced the 
number of days in hyperglycaemia and the time to inpa-
tient endocrine consultation in kidney and liver trans-
plant recipients. Our algorithm may not only reduce post-
transplant morbidity, but has supported the surgeons, 
physicians and nurses who manage ill and often complex 
patients. This algorithm will continue to be used in our 
Canadian transplant unit.
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