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Postoperative hyperglycemia may negatively
impact cytomegalovirus infection in seropositive
liver transplant recipients: a retrospective cohort

study
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Cytomegalovirus (CMV) is transmitted via various
routes including saliva, sexual contact, placental trans-
fer, breast feeding, or blood transfusion. Accordingly,
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The aim of the study was to evaluate the association between postoperative
hyperglycemia and CMV infection. We analyzed 741 CMV seropositive recip-
ients, of livers from seropositive living donors, who underwent preemptive
CMV treatment without CMV prophylaxis. The primary outcome was early
CMYV infection within 1 month after surgery. Hyperglycemia was defined
when mean postoperative blood glucose concentration was >180 mg/dl based
on previous research and guidelines. Survival analysis was performed using
the Fine and Gray model by accounting for the competing risk of CMV infec-
tion-unrelated death. Of the 741 recipients (hyperglycemic group, n = 287;
nonhyperglycemic group, n = 454), 372 (50.2%) recipients developed cyto-
megalovirus (CMV) infection within 1 month after surgery. CMV infection
risk was significantly higher in hyperglycemic group than in nonhyper-
glycemic group in univariable analysis [hazard ratio (HR) 1.34, 95% confi-
dence interval (CI), 1.08-1.66; P = 0.007] and in multivariable analysis (HR
1.25, 95% CI 1.0-1.54; P = 0.038). CMV infection risk was also significantly
associated with recipient age, graft ischemia time, model for end-stage liver
disease score, and preoperative neutrophil-to-lymphocyte ratio (P < 0.05).
In conclusion, preventing postoperative hyperglycemia appears to be an
important factor decreasing the risk of CMV infection in seropositive liver
transplant recipients undergoing preemptive CMV treatment.
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the seropositive rate is high ranging 30-70% in devel-
oped countries and >90% in developing countries [1].
Although CMYV remains in a persistent state after initial
infection under the establishment of long-term host
immunity against the virus, viral replication can occur
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when host immunity is compromised. Therefore,
immunosuppressed liver transplant recipients are at risk
of CMV replication and consequent infection, and it
has been determined that more than half of seropositive
recipients treated with preemptive strategy experience
CMV infection [2]. Of note, most of the infections
occur within 1 month post-transplant when the degree
of immunosuppression is strong [3,4], suggesting the
importance of infection control during this critical time
window. Despite the improvement in surveillance and
pharmacological strategies, post-transplant CMV infec-
tion continues to be a great cause of morbidity, eco-
nomic drain, and fatal CMV disease [2,5-7]. Thus, the
better understanding of factors modifying the risk of
CMV infection is required.

Acute hyperglycemia is common after liver transplan-
tation due to hepatocyte ischemia—reperfusion injury
[8], surgical stress [9], and insulin resistance [10]. Acute
hyperglycemia modulates the host immune response to
infection [11,12]. Previous studies performed in various
surgical settings have demonstrated the association
between postoperative hyperglycemia and infectious
complications as well as the benefit of intensive insulin
therapy on preventing postoperative infections [13-16].
Previous study of liver transplant recipients also demon-
strated the decrease in infectious complications after the
use of postoperative intensive insulin therapy [17,18].
However, those studies of surgical patients have never
focused on CMYV infection; thus, it is unknown whether
acute postoperative hyperglycemia affects the risk of
viral replication under strong immunosuppression.
Thus, we deduced that post-transplant hyperglycemia
increases the risk of CMV infection and evaluated the
association between postoperative hyperglycemia and
CMYV infection during the early post-transplant period.

Subjects and data collection

We initially reviewed the medical records of 800 recipi-
ents who underwent a first adult-to-adult living donor
liver transplantation using the right hemiliver graft
between May 2002 and August 2014 in our hospital.
We excluded 52 recipients of grafts from seronegative
donors (R+/D—) and 1 seronegative (R—/D+) recipient.
We further excluded five recipients who underwent
retransplantation due to early graft failure and 1 recipi-
ent with cyclosporine-based = immunosuppression
because of possible tacrolimus toxicity. The remaining
741 R+/D+ recipients were included in the study while
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there were no R—/D— recipients. All analyzed data were
collected from computerized medical records or liver
transplant database. The Institutional Review Board of
Samsung Medical Center approved this retrospective
cohort study (SMC 2017-04-080)
requirement for written informed consent.

and waived the

Postoperative glycemic management

Detailed intraoperative anesthetic and surgical manage-
ments are described elsewhere [19]. Postoperative glyce-
mic management was performed by liver transplant
surgeons based on the standardized institutional proto-
col as follows. Postoperative blood glucose concentra-
tion (BGC) was measured on admission to the intensive
care unit and every 6 h thereafter by arterial line drop
sample using the blood chemistry analysis device
(RAPIDLAB1265®, Siemens Healthcare Diagnostics Inc.,
Berlin, FRG) or by finger stick using bedside glucose
meter (AccuCheck; Roche Diagnostics, Indianapolis, IN,
USA). If BGC was >160 mg/dl, continuous intravenous
infusion of regular insulin was initiated at the rate of
1 U/h. The rate of insulin infusion was increased by
2 U/h if BGC was 160-240 mg/dl and by 3 U/h if BGC
was 240-300 mg/dl. The dose of insulin was decreased
by 1 U/h if BGC was 100-140 mg/dl, and it was
stopped if BGC was <100 mg/dl. If BGC was <100 mg/
dl or >240 mg/dl, BGC was rechecked 2 h later. Transi-
tion to intermittent subcutaneous injection of regular
insulin was generally started once the patients were
stable and had begun to eat. BGC was measured once a
day before breakfast by arterial line drop sample using
the blood chemistry analysis device (RAPIDLAB1265®)
or by finger stick using bedside glucose meter (Accu-
Check). BGC was additionally measured every 6 h (be-
fore every meal and at bedtime) if patients had diabetes
or the morning BGC was >200 mg/dl. The dose of insu-
lin injection was 4, 8, and 12 U when BGC ranged from
200-250 mg/dl, 251-300 mg/dl, and 300-350 mg/dl,
respectively. BGC was rechecked 2 h later if BGC was
<80 mg/dl or >350 mg/dl. If BGCs were not controlled
and sustained hyperglycemia occurred, we consulted an
endocrinologist.

Definition of infection and disease

Cytomegalovirus infection and CMV disease were
defined based on a recently updated description [20,21].
CMV infection was when there were at least one CMV
pp65 antigen-positive cells among 4 x 10° leukocytes.
CMV disease presented either as CMV syndrome or

69



Kang et al.

tissue-invasive end-organ disease. CMV syndrome was
when CMYV infection was attended with at least two of
the following symptoms or signs: unexplained fever
>38.3°C for at least 2 days, constitutional symptoms
such as fatigue or general myalgia, leukopenia (leuko-
cyte count <3 x 10°/mm?), or thrombocytopenia (pla-
telet count <10 x 10°/1). Tissue-invasive CMV disease
was when CMV-associated hepatitis, pneumonitis,
retinitis, or gastroenteritis was confirmed by biopsy.

Cytomegalovirus managements

Perioperative CMV managements were performed based
on the standardized institutional protocol, as described
previously [2]. All recipients and corresponding donors
were routinely tested for IgG seropositivity within
1 month prior to surgery. Antiviral prophylaxis was not
indicated in seropositive recipients, who were consid-
ered at moderate risk of CMV infection and disease
[6,22], due to the concern of the development of resis-
tance and late-onset CMV disease [6,7]. Postoperative
CMV surveillance was performed by detecting pp65
antigen using in-house immunocytochemistry staining
until May 15, 2008, and thereafter, using immunofluo-
rescence staining (CINA Kit system; Argene Biosoft,
Varilhes, France). For the first week after surgery, pp65
antigen was assayed three times a week, and thereafter,
it was performed weekly. After discharge, pp65 was rou-
tinely assayed once a month until 12 months post-
transplant in the absence of symptoms. Patients received
preemptive treatment only if viral replication reaches
>10 pp65-positive cells per 4 x 10° leukocytes. If
patients had 1-10 pp65-positive cells per 4 x 10
leukocytes, they did not undergo preemptive treatment
and were monitored for symptoms and tested for pp65
antigen if they were symptomatic. Preemptive treatment
was initiated by means of intravenous ganciclovir, and
pp65 antigen was assayed three times a week until a
negative result was obtained in two consecutive samples.
The dose of ganciclovir was adjusted by accounting for
patient renal function.

Immunologic regimens

Immunosuppression was performed as described previ-
ously [19]. Basiliximab was administered intravenously
during the intraoperative reperfusion phase as an induc-
tion agent. Tacrolimus, steroids, and mycophenolate
mofetil were the primary agents for maintenance. Recip-
ients given methylprednisolone
(500 mg) during the anhepatic phase and daily until

were intravenous
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postoperative day 2, followed by a tapered dose of
60 mg per day for 5 days, and then 8 mg twice per day
for 1 month starting on postoperative day 8. Subse-
quently, recipients received 4 mg methylprednisolone
twice a day for 2 months. Tacrolimus was initiated on
postoperative day 3, with a trough plasma concentration
of 10 ng/ml being maintained during the first month
and 5-8 ng/ml thereafter. Starting on postoperative day
1, mycophenolate mofetil (750 mg) was administered
twice per day. A liver biopsy was performed if acute
rejection was clinically suspected. Methylprednisolone
(500 mg) was administered intravenously every day for
3 days if acute rejection was confirmed by biopsy and
was tapered to 60 mg/day over a period of 4 days there-
after.

Statistical analysis

The primary outcome was post-transplant CMV infec-
tion. Survival analysis was performed using the Fine
and Gray model by accounting for the competing risk
of CMV infection-unrelated death and modeling the
mean BGC as a time-dependent covariate [23]. Recipi-
ents were followed for a maximum of 1 month based
on our previous research reporting that the median
time from liver transplantation to CMV infection was
1 month [4]. The results of survival analysis were
described with hazard ratio (HR) and 95% confidence
interval (CI). The multivariable model was generated
using the backward stepwise selection method with all
variables analyzed in univariate analysis. Because the
incidence of CMV infection significantly raised after the
surveillance reinforcement and the
immunofluorescence assay at 2008, the presence of
interaction between operation period (before versus
after 2008) and postoperative hyperglycemia was tested
by including the interaction effect term in multivariable
analysis to test the risk of bias from the difference in
CMYV surveillance. The cutoft mean BGC value for cate-
gorizing patients as at hyperglycemic group and nonhy-
perglycemic group was set at 180 mg/dl based on
previous researches [24-27]. The mean BGC was calcu-
lated by an average of BGCs firstly measured at fasting
state in each postoperative day during the primary
admission for a maximum of 1 month. For patients
who developed CMV infection before 1 month after
surgery, BGCs measured before the CMV infection were
used. Missing BGCs were dealt with last observation
carried forward imputation [28]. Diabetes was defined
when recipients had a current history of diabetes or
preoperative BGC was >126 mg/dL

introduction of
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Baseline characteristics were compared using Mann—
Whitney test, t-test, or chi-square test. The continuous
variables were described as mean =+ standard deviations
or median (25th percentile, 75th percentile) as appro-
priate. The categorical variables were presented as fre-
quency (%). Statistical significance was defined as
P <0.05. All analyses were performed using spss 25
(SPSS Inc, Chicago, IL, USA), r 3.5.2 (R Development
Core Team, Vienna, Austria; http://www.R-project.org/),
or sas version 9.2 (SAS institute, Cary, NC, USA).

There were no follow-up losses. Of the 741 recipients,
372 (50.2%) recipients developed CMV infection within
1 month after surgery and 8 (1.1%) recipients died
because of CMV-unrelated causes. The median time to
CMV infection was 20 (13-25) days and 246 of 372
infected recipients (66.1%) met the indication for pre-
emptive treatment and underwent preemptive treat-
ment. Despite the preemptive treatment, 30 of the 246
recipients (12.2%) progressed to CMV disease [26 syn-
dromes and four tissue-invasive diseases (gastrointesti-
nal tract, n = 3; lung, n = 1)] with the median time
from liver transplantation to CMV disease being 17
(14-23) days. Two recipients developed CMV disease
(gastrointestinal tract) at 2 and 3 weeks post-transplant,
respectively, without the detection of infection. There
were no clinical or pathological rejections before CMV
infection in the 372 recipients. The duration of hospital
stay was 37 (27-50) days in patients with CMV infec-
tion and 28 (23-40) days in patients without CMV
infection. Baseline characteristics of patients are shown
in Table 1.

Daily BGCs during the 1 month after surgery in
hyperglycemic group and nonhyperglycemic group are
shown in Fig. 1. As shown in Table 2, CMV infection
risk was significantly higher in hyperglycemic group
than in nonhyperglycemic group in univariable analysis
(HR, 1.34, 95% CI, 1.08-1.66; P = 0.007) and in multi-
variable (HR 1.25, 95% CI 1.0-1.54,
P =0.038). Recipient age, graft ischemia time, model
for end-stage liver disease score, preoperative neu-
trophil-to-lymphocyte ratio, and operation period were
also identified as independent prognostic factors for
CMV infection (P < 0.05) (Table 2). The incidence of
CMV infection increased in relation to the progress of
operation period (2002-2008, 36.4% vs. 2008-2014,
60.9%, P < 0.001), suggesting the improvement in
detecting CMV infection after the surveillance reinforce-
ment and the

analysis

introduction of immunofluorescence

Transplant International 2020; 33: 68-75
© 2019 Steunstichting ESOT

Post-LT hyperglycemia and CMV infection

assay. Interaction analysis demonstrated that there was
no interaction effect between operation period and
postoperative hyperglycemia (P = 0.969), indicating that
the effect of postoperative hyperglycemia on CMV
infection did not change according to the surveillance
reinforcement or the introduction of immunofluores-
cence assay.

The risk of CMV (54.1% vs. 47.8%,
P =0.112) was not significantly different between dia-
betic recipients (n = 283) and nondiabetic recipients
(n = 458), indicating the dominant impact of acute
hyperglycemic disturbance rather than underlying
chronic glycemic status during the early post-transplant
period.

infection

We demonstrated the significant association between
postoperative hyperglycemia and CMV infection in
seropositive liver transplant recipients. Although previ-
ous studies have evaluated the association between peri-
operative hyperglycemia and post-transplant infectious
complications [17,18], there have been no studies evalu-
ating the role of postoperative hyperglycemia in modify-
ing the risk of CMV infection in immunosuppressed
liver transplant recipients despite the high prevalence
and clinical significance of CMV infection [2]. The cut-
off BGC of 180 mg/dl is clinically relevant because
180 mg/dl is a feasible target with relatively low risk of
severe hypoglycemia when doing intensive insulin ther-
apy [24-27]. Our findings suggest that maintaining
post-transplant BGC <180 mg/dl complements preemp-
tive CMV therapy and decreases the risk of CMV infec-
tion in seropositive liver transplant recipients.

The possible mechanisms underlying the association
between post-transplant hyperglycemia and CMV infec-
tion can be assumed from previous studies. Experimen-
tal research has shown that acute hyperglycemia
increases oxidative stress [9,29-31]. Increased oxidative
stress contributes to CMV replication and virus shed-
ding by stimulating the transcriptional regulation of the
CMV promoter region, which involved in viral reactiva-
tion from latency [32-34]. Oxidative stress further dete-
riorates hyperglycemia by impairing insulin sensitivity
and pancreatic insulin secretion [35]. In particular,
acute hyperglycemia has shown stronger triggering
effects on oxidative stress compared to chronic sus-
tained hyperglycemia [36], being in agreement with our
data in determining the significance of postoperative
hyperglycemia and the insignificance of underlying dia-
betes. Second, the hyperglycemic state (a glucose-rich
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Table 1. Comparison of clinical characteristics between nonhyperglycemic and hyperglycemic recipients.

Nonhyperglycemic Hyperglycemic
Characteristics Overall (n = 741) (n = 454) (n = 287) P value
Donor factors
Age (years) 32.7 £ 11.1 33.1 £ 11.1 322 £ 11.2 0.314
Male sex 494 (66.7) 314 (69.2) 180 (62.7) 0.078
Macrosteatosis > 5% 361 (48.7) 217 (47.8) 144 (50.2) 0.547
Graft ischemia time (minutes) 119 [98-143] 118 [97-142] 122 [98-146] 0.157
Graft-to-recipient weight ratio (%) 1.0 [0.9-1.2] 1.1[0.9-1.3] 1.0 [0.9-1.2] 0.017
ABO incompatibility 69 (9.3) 42 (9.3) 27 (9.4) >0.999
Recipient factors
Age (years) 51.3 £ 85 51.0 £ 9.2 51.8 £ 7.2 0.162
Male sex 583 (78.7) 346 (76.2) 237 (82.6) 0.043
Body mass index (kg/mz) 243 + 35 243 + 3.6 243 + 3.2 0.813
CMV surveillance era 0.255
Immunocytochemistry (2002—-2008) 324 (43.7) 191 (42.1) 133 (46.3)
Immunofluorescence (2008-2014) 417 (56.3) 263 (57.9) 154 (53.7)
MELD score 18.8 + 10.1 18.0 + 10.4 20.0 £ 9.4 0.008
Hypertension 82 (11.1) 46 (10.1) 36 (12.5) 0.337
Diabetes 283 (38.2) 113 (24.9) 170 (59.2) <0.001
Preoperative Blood glucose (mg/dl) 125.5 £ 62.8 109.9 £+ 42.8 150.3 £ 794 <0.001
Preoperative neutrophil-to-lymphocyte ratio 2.5[1.5-4.8] 2.3 [1.5-4.0] 2.9 [1.7-5.7] 0.002
Nonviral etiology 132 (17.8) 85 (18.7) 47 (16.4) 0.432
Disease progression 0.106
Acute 36 (4.9) 28 (6.2) 8(2.8)
Acute on chronic 33 (4.5) 21 (4.6) 12 (4.2)
Chronic 672 (90.7) 405 (89.2) 267 (93.0)
Refractory ascites 496 (66.9) 276 (60.8) 220 (76.7) <0.001
Hepatic encephalopathy grade IlI-IV 37 (5.0) 17 (3.7) 20 (7.0) 0.057
Surgical stress-related factors
Operative time (minutes) 579.7 &+ 106.9 581.3 & 108.6 577.3 & 104.2 0.617
Salvaged RBCs (ml) 1032 [703-1754.5] 956.5 [615— 1230 [760-2084] <0.001
1551.5]
Intraoperative RBC transfusion (units) 2 [0-4] 2 [0-4] 2 [0-4] 0.311
Postoperative intensive care unit stay (days) 8 [7-9] 7 [7-9] 8 [7-10] <0.001
Acute kidney injury (ICA-AKI criteria*) 221 (29.8) 121 (26.7) 100 (34.8) 0.021
Postoperative immunosuppressive status and co-infections
Tacrolimus level (ng/ml) 9.8 [8.6-10.9] 9.9 [8.7-11.1] 9.8 [8.5-10.7] 0.146
Other viral infectionf 15 (2.0) 10 (2.2) 5(1.7) 0.792
Other bacterial and fungal infection 72 (9.7) 35 (7.7) 37 (12.9) 0.022

Data are presented as median (25th percentile, 75th percentile) or frequency (%). Salvaged RBCs represent the amount of

intraoperative blood loss.

CMV, cytomegalovirus; MELD, model for end-stage liver disease; RBC, red blood cell; SMD, standardized mean differences.

*|CA-AKI criteria, International Club of Ascites diagnostic criteria of acute kidney injury in patients with cirrhosis.

+Other viral infection includes herpes simplex virus and varicella zoster virus.

environment) is necessary to maintain the infectivity of
CMV. CMV requires a large amount of energy to syn-
thesize viral proteins, which is supplied by increasing
the utilization of glucose and glutamine in infected cells
[37]. Actually, glucose uptake and consumption were
significantly increased in the CMV -infected cell com-
pared to the noncytomegalovirus-infected cell [37]. A
specific mechanism to increase glucose uptake in
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infected cells is to replace the glucose transporter
(GLUT) 1 to GLUT 4 [38]. The GLUT 4 is the major
glucose transporter in adipose tissue and has glucose
transport capacity three times higher than GLUT 1.

Our study has advantages in terms of data homo-
geneity and reliability. First, we only included seroposi-
tive liver transplant recipients, who are considered at
intermediate risk of CMV infection. The effects of acute
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Figure 1 This plot provides information about the development of
blood glucose concentration (BGC) of recipients in hyperglycemic
group and recipients in nonhyperglycemic group during the first
month after transplantation. Black and white circles indicate mean
and upper whisker indicates standard deviations.

hyperglycemia on CMV infection may differ in high risk
R—/D+ recipients [39]. Second, a single transplant team
performed anesthesia, surgical procedures, and perioper-
ative cares as well as CMV surveillance and manage-
ment according to the standardized institutional
protocols. In particular, the bias from transfusion-trans-
mitted CMV infection might have been minimal despite
frequent perioperative transfusion because all transfused
blood cell products were leukoreduced as described else-
where [40]. Furthermore, the amount of red blood cell
transfusion was controlled via multivariable analysis.
Third, possible factors which may modify the risk of

Table 2. Multivariable analysis of risk factors for CMV
infection.

Hazard ratio (95% CI) P value

Postoperative hyperglycemia 1.25 (1.01-1.54) 0.038
CMV surveillance era (vs.
2002-2008)
Immunofluorescence 2.53 (2.01-3.19) <0.001
(2008-2014)
Graft ischemia time 1.003 (1.001-1.004) 0.006
(minutes)
Recipient age (years) 1.02 (1.00-1.03) 0.013
MELD score 1.04 (1.03-1.05) <0.001
Preoperative neutrophil- 1.04 (1.03-1.05) <0.001

to-lymphocyte ratio

CMV, cytomegalovirus; MELD, model for end-stage liver
disease.
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post-transplant CMV infection such as the degree of the
immunosuppression, co-infections, and postoperative
renal insufficiency were thoroughly taken into account
[22]. Finally, the sufficient sample size carried addi-
tional advantages: The power of expected HR for the
primary outcome was 80%.

This study has several limitations. First, as a retro-
spective study, we could not exclude the possibility of
bias from unobserved (unmeasured or unmeasurable)
variables. Although there are no currently known con-
founders that would be lacking, we cannot rule out that
other confounders may exist. Also, the mechanisms
underlying the association between post-transplant
hyperglycemia and CMV infection remained unknown,
although some of them can be assumed from previous
research. Second, our center used antigenemia assay
quantitating leukocytes positive for pp65 for CMV
surveillance. Quantitative polymerase chain reaction was
recently recommended to monitor CMV after transplan-
tation [41], but antigenemia assay has shown also reli-
able, rapid, sensitive results [1]. Moreover,
antigenemia assay is still commonly used in clinical
practice and research [20]. Third, it is indistinguishable
whether CMV infection was due to endogenous CMV
reactivation or exogenous infection with a new strain
because viral genome sequencing was not performed.

The risk of CMV infection early after living donor
liver transplantation increased in relation to the devel-
opment of postoperative
seropositive recipients who were treated with CMV pre-

and

acute hyperglycemia in
emptive pharmacological treatment. Thus, this retro-
spective study suggests that, despite methodological
limitations, preventing early post-transplant hyper-
glycemia may complement the current CMV therapy
and prevent CMV infection.
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