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Background: The Portland intensive insulin therapy effectively controls acute hyperglycemic 
change after graft reperfusion during liver transplantation. However, the time-consuming so-
phistication acts as a barrier leading to misinterpretation and decreasing compliance to the 
protocol; thus, we newly introduced an application software “Insulin protocol calculator” 
which automatically calculates therapeutic bolus/continuous insulin doses based on the 
Portland protocol. 

Methods: Of 144 patients who underwent liver transplantation, 74 patients were treated be-
fore the introduction of “Insulin protocol calculator” by using a paper manual, and 70 pa-
tients were treated by using the application. Compliance was defined as the proportion of 
patients treated with exact bolus/continuous insulin dose according to the Portland proto-
col.

Results: Compliance was significantly greater in app group than in paper group regarding 
bolus dose (94.5% and 86.9%, P < 0.001), continuous dose (88.9% and 77.3%, P = 0.001), 
and both doses (86.6% and 73.8%, P < 0.001). Blood glucose concentration was signifi-
cantly lower in app group at 3 h (125 ± 17 mg/dl vs. 136 ± 19 mg/dl, P = 0.014) and 4 h 
(135 ± 22 mg/dl vs. 115 ± 15 mg/dl, P = 0.029) after graft reperfusion. Acute hyperglyce-
mic change during 30 min was more prominent in app group while hyperglycemia incidence 
was 71.4% vs. 54.1% (P = 0.031). However, hyperglycemia risk was comparable at 2 h 
(31.4% vs. 31.1%, P = 0.964), and even insignificantly lower in app group at 3 h (7.1% vs. 
19.5%, P = 0.184). 

Conclusions: Compliance to the Portland protocol was significantly improved after introduc-
ing the application software; post-reperfusion hyperglycemia was better controlled. “Insulin 
protocol calculator” is cost-effective and time-saving with potential clinical benefits. 

Keywords: Computer applications software; Glucose; Hyperglycemia; Hyperkalemia; Hypo-
glycemia; Hypokalemia; Ischemia-reperfusion injury.
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INTRODUCTION 

Liver transplantation is attended with various metabolic 

disturbances. A rapid increase in blood glucose concentra-

tion (BGC) after graft reperfusion is one of them [1,2]. Intra-

operative hyperglycemia is associated with decreased im-

munity, increased ischemia-reperfusion injury, infectious 

complications, and mortality [3–10]. Accordingly, liver trans-

plant anesthesiologists give efforts to maintain glycemic ho-

meostasis after graft reperfusion [9]. 

We introduced the Portland protocol (Supplementary Ta-

ble 1) in January 2015 to better control the post-reperfusion 

hyperglycemic change in the patients whose insulin sensi-

tivity was impaired due to underlying chronic liver disease, 

surgical stress, vasoactive drugs, and steroid immunosup-

pression [9,10]. The Portland protocol was initially designed 

for patients treated in surgical cardiac intensive care unit 

and validated in various surgical settings [11,12]. The suc-

cess is attributable to a dynamic algorithm modifying insulin 

doses by accounting for patient insulin sensitivity which is 

evaluated based on the rate of BGC change. That is, calculat-

ed insulin doses differ by the rate of BGC change even if the 

current BGC is same [13]. Our research team recently 

demonstrated that the dynamic algorithm was also very ef-

fective to control the acute hyperglycemic change after graft 

reperfusion of liver transplantation [9]. 

However, the protocol designed for intensive care unit en-

vironment is not intuitive and the algorism is somewhat 

complicated to use during the post-reperfusion phase when 

the anesthesiologists are busy handling various acute hemo-

dynamic/metabolic changes particularly when patients’ 

course is unstable. We considered that the time-consuming 

sophistication acted as a barrier to decreasing compliance 

with the protocol [13]. Accordingly, in November 2018, we 

newly introduced an application software for smart devices 

named “Insulin protocol calculator” distributed by Apple in-

corporation to automatically calculate the therapeutic insu-

lin doses (Supplementary Fig. 1). We hypothesized that the 

use of the application software decreases misinterpretation 

and increases compliance to the Portland protocol. Thus, we 

aimed to compare compliance to the Portland protocol be-

fore vs. after the use of “Insulin protocol calculator”. 

MATERIALS AND METHODS 

Subjects and data collection 

We reviewed the medical records of 144 patients who un-

derwent liver transplantation between January 2017 and Oc-

tober 2020 and were treated with the same Portland protocol 

to manage acute hyperglycemic response after graft reperfu-

sion: 74 patients were treated before the introduction of “In-

sulin protocol calculator” in November 2018 by using a pa-

per manual (paper group), and 70 patients were treated by 

using the application software “Insulin protocol calculator” 

(app group). All data were collected from the computerized 

medical records or liver transplant database (prospectively 

collected), and were anonymized and de-identified prior to 

analysis. The Institutional Review Board of Korea cancer 

center hospital approved this retrospective study (no. KCC 

2021-12-004) and waived the requirement for written in-

formed consent. All procedures were performed in accor-

dance with the relevant guidelines and regulations. 

Perioperative glycemic management 

The recipients fasted starting the evening before surgery, 

and 5% dextrose solution was infused at a rate of 80 ml/h 

during the fasting period. Preoperative oral carbohydrate 

supplements were not provided. During the surgery, arterial 

BGCs were measured in combination with other arterial 

blood-derived parameters using a blood gas/chemistry 

analysis device (RAPIDLAB1265, Siemens Healthcare Diag-

nostics Inc., Germany) on an hourly basis, as well as at the 

following additional time points: start of the anhepatic 

phase and 5 min/30 min after graft reperfusion, as described 

previously [14]. The blood gas/chemistry analysis device 

was near each patient and clinicians were able to reach the 

device within 1 min after blood sampling. In general, insulin 

therapy was not indicated for controlling BGC before graft 

reperfusion because BGC decreases during the anhepatic 

phase due to the lack of hepatic glucose production [15]. In 

contrast, hyperkalemia was corrected using the convention-

al large-bolus insulin method (10 units of regular insulin) if 

the blood potassium concentration (BPC) was >  4.5 mEq/L 

[16]. After graft reperfusion, the Portland protocol was ap-

plied until intensive care unit arrival: the doses for bolus in-

jection and continuous infusion were automatically calcu-

lated after inputting the previous BGC, current BGC, last in-
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sulin infusion rate, the presence of diabetes, and target BGC 

(Supplementary Fig. 1) [17]. 

Anesthetic management 

Anesthesia and hemodynamic monitoring were per-

formed based on the standardized institutional protocol, as 

described previously [14,18]. In short, mechanical ventila-

tion was delivered at a tidal volume of 8 ml per ideal body 

weight (kg) using a mixture of medical air and oxygen with 

positive end-expiratory pressure being set at 6 mmHg. The 

respiratory rate was adjusted as needed to maintain normo-

capnia. Vasoactive drugs were used to maintain mean arte-

rial pressure >  70 mmHg. Metabolic acidosis was corrected 

with sodium bicarbonate when the base deficit was >  10 

mEq/L. Body core temperature was maintained using a cir-

culating water mattress, forced-air blanket, airway warming 

circuit, or fluid warmers. Transfusion of allogeneic blood 

products was strictly controlled based on a restrictive and 

prophylactic policy, with each blood component being 

transfused separately according to its respective indication 

[14,19]. Blood salvage was routinely used for intraoperative 

autotransfusion irrespective of the presence of a hepatic tu-

mor [20,21]. 

Perioperative surgical procedures 

Acceptance criteria for liver donation were age ≤  65 years, 

body mass index <  35 kg/m2, macrosteatosis ≤  30%, and re-

sidual liver volume ≥  30%. Individuals with any type of hep-

atitis or fibrosis were excluded from donation. Graft implan-

tation was primarily performed using the piggyback tech-

nique. After the portal vein anastomosis was completed, the 

graft was reperfused by consecutively unclamping the he-

patic vein and portal vein. The hepatic artery was subse-

quently anastomosed, followed by biliary anastomosis. Im-

munosuppression was performed based on a quadruple 

regimen consisting of methylprednisolone, basiliximab, my-

cophenolate mofetil, and tacrolimus as described previously 

[20,22]. In particular, recipients received methylpredniso-

lone 500 mg intravenously before graft reperfusion for the 

induction of immunosuppression. 

Variables and statistical analysis 

The primary outcome was compliance to the Portland 

protocol. Compliance was defined as the proportion of pa-

tients who were treated with the exact bolus or continuous 

insulin dose based on the Portland protocol. Secondary out-

comes were BGC and BPC. For dichotomous analysis, hy-

perglycemia was defined when BGC was >  150 mg/dl based 

on previous studies of liver transplant recipients [7,23]. Co-

efficient of variation, which is defined as the ratio of the 

standard deviation to the mean, of BGCs within a subject 

was calculated to analyze glycemic variability because BGC 

fluctuation is known to be clinically important in addition to 

BGC itself [24–26]. Continuous variables are expressed as 

mean ±  standard deviation or median (1Q, 3Q) and were 

analyzed by t-test or the Mann–Whitney test, as appropriate. 

Categorical variables are expressed as frequency (%) and 

were analyzed by chi-square test. P <  0.05 was considered 

statistically significant. Analyses were performed using SPSS 

version 23.0 (IBM, USA).  

RESULTS  

Compliance to the Portland protocol 

Preoperative characteristics of patients in paper group and 

those in app group are shown in Table 1. The Portland pro-

tocol was applied 343 times in paper group, and 307 times in 

app group. As shown in Fig. 1, in terms of bolus insulin dose, 

compliance was significantly greater in app group than in 

paper group (290/307 [94.5%] and 298/343 [86.9%], P <  

0.001). In terms of continuous insulin dose, compliance was 

significantly greater in app group (273/307 [88.9%] and 

265/343 [77.3%], P =  0.001). The proportion of patients who 

were treated with exact bolus and continuous insulin doses 

was significantly greater in app group (266/307 [86.6%] and 

250/343 [73.8%], P <  0.001). 

Blood glucose concentration after the start of 
the Portland protocol 

BGC just before the graft reperfusion was not significantly 

different between the two groups (116 ±  32 mg/dl in paper 

group, and 114 ±  32 mg/dl in app group, P =  0.734). BGC at 

the start of the Portland protocol (5 min after graft reperfu-

sion) was not significantly different between the two groups 

(137 ±  30 mg/dl and 134 ±  28 mg/dl, P =  0.712). As shown 

in Fig. 2, BGC at 30 min, 1 h, 2 h, 3 h, and 4 h after graft 

reperfusion were 153 ±  25 mg/dl, 149 ±  22 mg/dl, 142 ±  21 

mg/dl, 136 ±  19 mg/dl, and 135 ±  22 mg/dl, respectively, in 

paper group, and 155 ±  26 mg/dl, 153 ±  23 mg/dl, 140 ±  22 
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mg/dl, 125 ±  17 mg/dl, and 115 ±  15 mg/dl, respectively, in 

app group. BGC was significantly lower in app group than 

paper group at 3 h (P =  0.014) and 4 h (P =  0.029). The max-

imum BGC was 161 ±  20 mg/dl in paper group, and 162 ±  

21 mg/dl in app group (P =  0.856). The minimum BGC was 

Table 1. Patient Baseline Characteristics

Variable Paper group (n =  74) App group (n =  70) P value
Graft factors
  Donor age (yr) 33 (29, 40) 36 (32, 42) 0.026

  Male sex 49 (66.2) 47 (67.1) 0.902

  Graft-to-recipient weight ratio (%) 1.01 (0.98, 1.04) 1.00 (0.97, 1.03) 0.326

  Living donor liver transplantation 60 (81.1) 60 (85.7) 0.456

  Deceased donor liver transplantation 14 (18.9) 10 (14.3)
Recipient factors
  Age (yr) 54 (49, 60) 60 (54, 64) 0.012

  Male sex 52 (70.3) 50 (71.4) 0.883

  Body mass index (kg/m2) 24.3 (21.6, 25.8) 24.2 (22.4, 26.4) 0.406

  MELD score 15 (8, 26) 13.5 (9, 20) 0.770

  Diabetes 20 (27.0) 15 (21.4) 0.376

  Hypertension 9 (12.2) 10 (14.3) 0.707

Primary etiology 0.998

  Hepatitis B virus 42 (56.8) 39 (55.7)
  Hepatitis C virus 2 (2.7) 2 (2.9)
  Alcoholic 17 (23.0) 17 (24.3)
  Others 13 (17.6) 12 (17.1)
Preoperative laboratory findings
  Albumin (g/dl) 3.3 (2.9, 3.9) 3.2 (2.8, 3.6) 0.211

  Creatinine (mg/dl) 0.9 (0.7, 1.2) 0.8 (0.6, 1.0) 0.162

  Prothrombin time (INR) 1.4 (1.1, 2.2) 1.4 (1.2, 1.8) 0.859

  Total bilirubin (mg/dl) 2.4 (1.0, 11.1) 1.9 (1.0, 4.6) 0.378

Data are presented as median (1Q, 3Q) or frequency (%). MELD: model for end-stage liver disease, INR: international normalized ratio.

Fig. 1. Compliance to the Portland protocol when using a paper 
manual or the application software "Insulin protocol calculator".

Fig. 2. Blood glucose concentrations after graft reperfusion when 
using the Portland protocol based on a paper manual or the 
application software "Insulin protocol calculator". *Means P < 
0.05.

130 ±  19 mg/dl in paper group, and 130 ±  23 mg/dl in app 

group (P =  0.986). The coefficient of variation was 0.10 ±  

0.06 in paper group, and 0.11 ±  0.06 in app group (P =  
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0.593). As shown in Fig. 3, post-reperfusion hyperglycemic 

response was more prominent in app group than in paper 

group. Although hyperglycemia risk was significantly greater 

in app group at 30 min (71.4% vs. 54.1%) and 1 h (57.1% vs. 

39.2%) after graft reperfusion (P =  0.031 for each), it became 

comparable at 2 h (31.1% vs. 31.4%, P =  0.964). Even hyper-

glycemia risk was insignificantly lower in app group at 3 h 

(7.1% vs. 19.5%, P =  0.184), suggesting the superiority of the 

app-based intervention to the paper-based intervention. 

Blood potassium concentration after the start of 
the Portland protocol 

BPC just before graft reperfusion was not significantly dif-

ferent between the two groups (3.84 ±  0.38 mEq/L in paper 

group and 3.86 ±  0.41 mEq/L in app group, P =  0.800). BPC at 

the start of the Portland protocol was not significantly differ-

ent between the two groups (3.73 ±  0.44 mEq/L and 3.74 ±  

0.43 mEq/L, P =  0.928). As shown in Fig. 4, BPC at 30 min, 1 

h, 2 h, 3 h, and 4 h after graft reperfusion were 3.71 ±  0.43 

mEq/L, 3.78 ±  0.45 mEq/L, 3.64 ±  0.50 mEq/L, 3.68 ±  0.59 

mEq/L, and 3.74 ±  0.64 mEq/L, respectively, in paper group, 

and 3.74 ±  0.44 mEq/L, 3.81 ±  0.47 mEq/L, 3.63 ±  0.47 

mEq/L, 3.72 ±  0.44 mEq/L, and 3.51 ±  0.21 mEq/L, respec-

tively, in app group. BPC was not significantly different be-

tween the two groups in all measured time points (P >  0.05). 

The maximum BPC was 3.96 ±  0.51 mEq/L in paper group, 

and 3.99 ±  0.51 mEq/L in app group (P =  0.754). The mini-

mum BPC was 3.47 ±  0.42 mEq/L in paper group, and 3.49 
±  0.39 mEq/L in app group (P =  0.826). 

DISCUSSION 

Continuing from our previous work, demonstrating the 

superiority of the Portland protocol compared to the con-

ventional bolus insulin therapy to control hyperglycemic 

change after liver graft reperfusion, this study aimed to test a 

strategy to increase compliance to the protocol using an au-

tomatic insulin dose calculating application software based 

on the Portland protocol named “Insulin protocol calcula-

tor”. Since it takes some time to read, translate, and interpret 

the sophisticated Portland protocol, liver transplant anes-

thesiologists, who are busy after graft reperfusion, could 

have difficulty in calculating the exact bolus/continuous in-

sulin doses. By removing the step of reading, translating, and 

interpreting, we could decrease misinterpretation risk and 

increase compliance to the delicate protocol. Consequently, 

acute hyperglycemic response during the intraoperative 

post-reperfusion phase was better controlled without the in-

crease in the risk of hypoglycemia or hypokalemia. Contem-

porary medicine is becoming more computerized to mini-

mize the error of medical actions [27], and the use of “Insu-

lin protocol calculator” is in line with that.  

The application software is intuitive and user-friendly; 

thus, physicians can use it following the short and simple 

in-device introduction (https://www.houseofficer.com/ez-

insulin) without professional education or precaution. In-

putting 5 items (the previous BGC, current BGC, last insulin 

infusion rate, the presence of diabetes, and target BGC) au-

tomatically calculates the required bolus/continuous insulin 

Fig. 3. Hyperglycemia incidence after graft reperfusion when using 
the Portland protocol based on a paper manual or the application 
software "Insulin protocol calculator".

Fig. 4. Blood potassium concentration after graft reperfusion 
when using the Portland protocol based on a paper manual or the 
application software "Insulin protocol calculator". P > 0.05 in all 
time points.
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doses (Supplementary Fig. 1). Sparing time and efforts by 

using the application can allow anesthesiologists to spend 

more time to the other parts of anesthesia, and may help im-

prove patients’ clinical courses. Moreover, the application is 

open to public and can be easily downloaded in smart de-

vices, being cost-effective. 

Post-reperfusion hyperglycemic response was better con-

trolled with the “Insulin protocol calculator” by increasing 

the compliance to the Portland protocol and giving exact in-

sulin doses. This is important because hyperglycemia even 

during a short period is known to affect clinical courses. 

First, acute transient hyperglycemia even during a short pe-

riod disturbs the innate immune system by inhibiting neu-

trophil migration, phagocytosis, and complement function, 

and by stimulating inflammatory cytokines and decreasing 

microvascular reactivity [3,4]. Deterioration of innate im-

mune response can promote infection progress [6,7,9]. Sec-

ond, previous research demonstrated that only a transient 

period of acute hyperglycemia is necessary to aggravate 

ischemia-reperfusion injury via oxidative stress and im-

paired tissue microcirculation [1,5]. A previous study of criti-

cally ill patients demonstrated that hepatocyte mitochondri-

al ultrastructure and function can be protected by prevent-

ing acute hyperglycemia with tight glycemic control [28]. 

Third, decreased hepatic ischemia-reperfusion injury could 

also benefit the bile duct [29]. Ischemia-reperfusion injury 

to the microvasculature of the bile duct arteriolar plexus 

causes biliary epithelial cell damage; consequently, inflam-

matory cells penetrate between epithelial cells and base-

ment membranes, and result in biliary stricture [30]. Fourth, 

acute hyperglycemia-induced oxidative stress is systemic 

and can affect various tissues and organs in remote areas in-

cluding the diaphragm [9]. Some studies of patients under-

going liver surgeries have also highlighted the necessity of 

developing better intraoperative glycemic managements, by 

reporting the difficulties in controlling BGC and negative 

clinical impacts of intraoperative hyperglycemia [6–9]. In a 

previous study comparing 60 liver transplant recipients with 

mean intraoperative BGC of <  150 mg/dl, and 124 recipients 

with mean intraoperative BGC of ≥  150 mg/dl, higher intra-

operative BGC was associated with post-transplant infec-

tions and mortality [7]. Another study demonstrated that 

mean BGC during the day of surgery >  150 mg/dl was asso-

ciated with increased risk of post-transplant acute kidney in-

jury [23]. 

Selection bias is the most significant barrier in retrospec-

tive analysis, and the success of the study mainly depends 

on how efficiently the heterogeneity between groups is con-

trolled. As this study used the so-called before-and-after 

analysis, the use of the paper manual or the application soft-

ware was not determined by clinical situations or at the dis-

cretion of liver transplant physicians. That is, there was no 

phase-out period of conventional method or implantation 

period of new method during which significant selection 

bias could occur and special concern was required while 

“Insulin protocol calculator” was universally implicated for 

all liver transplant recipients at a time point by mutual 

agreement of liver transplant anesthesiologists in our hospi-

tal. Our study model presented additional advantages for 

the robustness of data. First, this study included a relatively 

homogenous liver transplant population. Only 26 patients 

were with the model for end-stage liver disease score >  30. 

Second, the amount of injected/infused insulin was routine-

ly recorded in a dedicated glycemic control chart; thus, the 

data regarding insulin doses were highly reliable. As the gly-

cemic chart was routinely applied in all liver transplant re-

cipients, we could exclude the possibility of anesthesiolo-

gists not knowing the use of the Portland protocol after graft 

reperfusion. Instead, we could consider that misread of the 

long and complex paper manual or mismanagement of the 

application software was the reason of the decrease in com-

pliance. Third, the study period was 4 years and there were 

not likely unmeasured or unmeasurable practice changes, 

which could significantly affect compliance to the Portland 

protocol or the degree of post-reperfusion glycemic change, 

during the relatively short time period. 

This study had several limitations. First, since we used the 

retrospective study design, we could not exclude the possi-

bility of bias from unobserved or unmeasurable variables. 

Second, this study focused on compliance to the Portland 

protocol and the potential clinical benefits from the im-

provement of compliance, and better controlled hyperglyce-

mic response needs to be evaluated in further research. 

During liver transplantation, compliance to the Portland 

protocol was significantly improved by using an application 

software “Insulin protocol calculator” which automatically 

calculats therapeutic bolus/continuous insulin doses, and 

post-reperfusion hyperglycemic response was better con-

trolled compared to when using a paper manual. In addi-

tion, using “Insulin protocol calculator” can save time to in-

terpret the manual and help busy anesthesiologists focus on 

other hemodynamic/metabolic issues following graft reper-

fusion. This might be more beneficial for decompensated 

patients with unstable hemodynamic/metabolic courses. 
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