
Vol.:(0123456789)1 3

Acta Diabetologica (2020) 57:253–262 
https://doi.org/10.1007/s00592-019-01385-8

REVIEW ARTICLE

Hyperglycemia and 18F‑FDG PET/CT, issues and problem solving: 
a literature review

Monica Finessi1  · Gianni Bisi1 · Désirée Deandreis1

Received: 27 April 2019 / Accepted: 24 June 2019 / Published online: 15 July 2019 
© Springer-Verlag Italia S.r.l., part of Springer Nature 2019

Abstract
Positron emission tomography/computed tomography (PET/CT) is a standard procedure for imaging cancer commonly used 
in the clinical practice for several diseases, in particular for cancer staging, restaging, treatment monitoring and radiation 
therapy planning. Despite the availability of many radiotracers, 18F-fluoro-2-deoxy-2-d-glucose ([18F]FDG) is the most 
used. International PET/CT guidelines propose protocols for patients’ correct preparation before [18F]FDG injection, in 
particular with the regard of diabetic patients and therapy management. Hyperglycemic conditions and oral or insulin medi-
cation showed advantages and disadvantages on PET/CT scan accuracy: A correct knowledge of effects of these conditions 
on glucose metabolism assumes a fundamental role on patients management before [18F]FDG PET/CT scan.
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Introduction: mechanism of [18F]FDG 
uptake

Positron emission tomography/computed tomography (PET/
CT) is a standard procedure commonly used in clinical prac-
tice for staging, restaging, treatment monitoring and radia-
tion therapy planning in several types of cancer [1] and also 
has a recognized role in inflammatory infection disease, 
in neurologic disease, mostly for differential diagnosis for 
dementia, and in vitality cardiac studies.

Despite many radiotracers are available, according to 
different applications, 18F-fluoro-2-deoxy-2-d-glucose 
([18F]FDG) is the most widespread, especially in oncol-
ogy. The chemical structure of [18F]FDG is similar to that 
of natural glucose, differing in a carbon-2 atom labeled with 
[18F] [2], a radioisotope with an half-life of 109.8 min and 
a positron emission decay. [18F]FDG use in oncological 
imaging is based on the phenomenon of aerobic glycolysis 
named “Warburg effect” [3]. In the 1920s, Otto Warburg 

first described that cancer tissue presents accelerated glucose 
metabolism even in the presence of oxygen with an asso-
ciated increase in lactate production [4]. Warburg hypoth-
esized that the cause of increased lactate was a mitochon-
drial dysfunction; further research supported only in part 
this hypothesis: aerobic glycolysis, despite generally lead 
to a lower production of ATP molecules compared to mito-
chondrial oxidative phosphorylation; on the other hand, it 
is much faster, so, in the same amount of time, produces a 
higher number of ATP molecules [5].

Glucose is generally transported by membrane-specific 
glucose transporters (GLUT) into the cytosol, where it 
is phosphorylated by the enzyme hexokinase to glucose 
6-phosphate and subsequently metabolized to carbon diox-
ide and water. In the same way, [18F]FDG enters into the 
cell by means of GLUT and is phosphorylated by hexokinase 
to [18F]FDG 6-phosphate which, however, is not a good 
substrate for further enzyme action through the glycolytic 
chain and it is trapped into the cell [6]. [18F]FDG transport 
across the cell membrane is mediated by five different glu-
cose transporters: GLUT-1 is ubiquitously expressed in the 
cell membrane of various tissues and it is up-regulated by 
several growth-factors [7]; GLUT-2 expression is regulated 
by glucose concentration and is mainly expressed by intes-
tine, kidney, liver, pancreatic islets and brain [8]; GLUT-3 
is expressed in neurons and ensures a glucose supply in 
the brain even in hypoglycemic conditions [9]; GLUT-4 is 
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stimulated by insulin and it is expressed in skeletal and car-
diac muscle and in brown and yellow adipose tissue [10]; 
GLUT-5 is expressed in the small intestine and is responsi-
ble for fructose transport [11].

The increased rate of glycolysis in cancer cells is associ-
ated both with increased GLUT and intracellular hexokinase 
expression [12], with the subsequently increased concentra-
tions of [18F]FDG uptake into cancers cells that can vary 
substantially depending on the levels of glycolysis at one 
site.

Moreover, in tumoral cells, [18F]FDG 6-phosphate can 
be broken down by glucose 6-phosphatase, but this enzyme 
is markedly downregulated in cancer cells [6].

Furthermore, in 1992, Kubota et al. [13] firstly observed 
that FDG uptake in tumor tissue was related not only to 
metabolic activity of tumoral cells but also to peritumoral 
inflammatory cells. In 2001, Mochizuki et al. [14] inves-
tigated and compared the expression of GLUT subtypes 
between inflammatory lesions and malignant tumors in rela-
tion to [18F]FDG accumulation in rat models and showed 
that also inflammatory lesions presented a high GLUT-1 
expression.

An interesting pictorial review published in 2015 by 
Vaidyanathan et al. [15] described the various mechanism 
of FDG uptake in inflammatory process according to three 
different phases of inflammation. The first phase, named 

“early vascular,” includes tissue hyperemia, enhanced vascu-
lar permeability and inflammatory mediator release that lead 
to higher tissue perfusion and subsequent higher [18F]FDG 
uptake; the second phase, named “acute cellular,” is char-
acterized by a release of cytokines, with an up-regulation 
of GLUT-1 and GLUT-3 transporters and increase in both 
hexokinase activity and affinity of GLUT for its substrates. 
The last phase or “late cellular/healing” is characterized by 
the transition from acute to chronic inflammation cells with 
the persistence of shift toward cell glycolysis and escape the 
anabolic pathways.

For the above-mentioned mechanism, [18F]FDG PET/CT 
has found a wide field of application in inflammation and 
infection studies and it is now considered as a reliable tool 
in diagnosis, in particular in disease extent mapping, and 
follow-up of several inflammatory lesions such as fever of 
unknown origin, sarcoidosis, several musculoskeletal infec-
tions and prosthesis-related infections [16].

Physiologic biodistribution of [18F]FDG in human 
reflects GLUTs expression (Fig. 1): In euglycemic status, 
several organs and systems present a physiological [18F]
FDG uptake, very intense in brain, moderate in liver and 
weak in skeletal muscle; [18F]FDG distribution is variable 
in the cardiac muscle because myocardial cells primarily 
use the beta-oxidation pathway of fatty acid, but following 
a glucose load may present a metabolic shift toward glucose 

Fig. 1  Physiologic biodistribution of [18F]FDG. In the fasting and 
euglycemic conditions, [18F]FDG uptake reflects GLUTs expression: 
[18F]FDG uptake is intense in brain, because of GLUT-3 expression 
that ensures correct glucose levels even in hypoglycemic conditions, 
weak in skeletal muscle for GLUT-4 expression stimulated by insu-

lin, variable in cardiac muscle that primarily uses free fatty acids, but 
may present a metabolic shift to glucose metabolism after glucose 
load; intense in the urinary system because of [18F]FDG physiologi-
cal urinary excretion
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metabolism; moreover, myocardial cells protect themselves 
from hypoxic state by means of the “glucose-fatty acid 
cycle” [17]. Finally, the uptake of [18F]FDG is high in the 
urinary system because of [18F]FDG physiological urinary 
excretion. In normal situation and euglycemic status, there 
is not a condition of glycosuria but in renal tubular cells, 
in addition to GLUTs, there is also the sodium-dependent 
glucose transporter (SGLT) that transport glucose against 
its concentration gradient and it is responsible for reuptake 
of glucose from the filtrate in the proximal tubules [18]. 
Due to the replacement of a hydroxy group in d-glucose 
with a [18F] atom [19], SGLT presents a lower affinity for 
[18F]-FDG compared to glucose and [18F]-FDG cannot be 
reabsorbed in the proximal tubules of the kidney, and so it 
is cumulated in the urine [20].

In neoplastic disease, [18F]FDG uptake is generally very 
high in more aggressive and proliferating tumor that pre-
sent a high expression of GLUT and hexokinases but FDG 
avidity can differ among different histological subtype: For 
example, hematologic malignancies may present both high 
[18F]FDG uptake, such as Hodgkin Lymphoma, Diffuse 
Large B Cell Non-Hodgkin Lymphoma (DLBCL) or Follicu-
lar Lymphoma and low [18F]FDG uptake, such as Marginal 
Zone Lymphoma (ML) (Fig. 2). Also, lung tumors may have 
different [18F]FDG avidity: Typically, Non-Small Cell Lung 
Carcinoma (NSCLC) presents high [18F]FDG uptake, on 
the other hand tumors with neuroendocrine differentiation 
present low/absent [18F]FDG uptake (Fig. 3). Lastly, some 
well-differentiated tumors such as Hepatocellular Carcinoma 
(HCC) or Prostatic Carcinoma present a very low [18F]FDG 
avidity, using different metabolic pathway, such as mem-
brane phospholipids turnover in cell membrane instead of 

glycolysis and should be studied specifically with other PET 
radiotracers.

Apart from tumoral histological characteristics [18F]FDG 
uptake may be influenced by, the presence of necrosis, that 
is responsible for low and heterogeneous uptake (Fig. 4), 
cells dedifferentiation (undifferentiated neuroendocrine 
tumors, for example, may present high [18F]FDG uptake), 
but also by the effect in the tissue of different therapies: If 
cytotoxic therapies such as chemotherapy or external radio-
therapy may reduce [18F]FDG uptake in case of responder 
tumor, they may also cause flogistic reaction with increased 
[18F]FDG uptake at that site. For these reasons, especially 
in hematologic malignancies, an interval of at least 3 weeks 
from the last cycle of chemotherapy and 3 months from the 
end of radiotherapy is often required before performing 
[18F]FDG PET/CT scan to avoid false-positive findings.

Effects of hyperglycemia on [18F]FDG 
distribution and PET/CT scan interpretation

Several clinical conditions may affect [18F]FDG uptake, but 
the most important is hyperglycemia because it leads to a 
direct competition between plasmatic glucose and [18F]FDG 
uptake, both in normal and in cancer cells [21].

Several published studies described the effects of hyper-
glycemia and hyperinsulinemia on [18F]FDG biodistribu-
tion: Hyperglycemia may reduce the binding site of [18F]
FDG for direct competition with plasmatic glucose [22]; 
on the other hand, the subsequent hyperinsulinemia causes 
up-regulation of GLUT-4, resulting in a higher skeletal and 
myocardial muscle [18F]FDG uptake [23]: This leads to 

Fig. 2  [18F]FDG PET/CT in a patient marginal zone lymphoma: laterocervical and inguinal lymph nodes that present very low [18F]FDG avid-
ity
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lower uptake in cancer cells compared to physiological tissue 
leading to the risk of false-negative findings. Blood glucose 
levels may affect also the standardized uptake value (SUV), 
a semiquantitative parameter expressing FDG concentration 
in tissues [24]. SUV is the a-dimensional semiquantitative 
expression of the tracer uptake in a region of interest (ROI), 
for example, tumoral lesion, normalized by total amount 
of activity administered and body weight (body-weighted 
SUV − SUVbw) or body surface area  (SUVbsa); it is used as 
SUVmax or mean or peak to compare [18F]FDG uptake on 
pre- and post-therapy scan and to define response to therapy 
[25]. Furthermore, SUVs of certain tissues, such as liver and 
mediastinal blood pool, are used as references to define dis-
ease and assess response to therapy in most lymphoprolifera-
tive disease [26] and also in inflammatory disease. Finally, 
SUV itself can be considered in certain diseases as a prog-
nostic factor of tumor aggressiveness and worst prognosis.

In 2018, Sprinz et al. [27] investigated the effects of 
glycemia on [18F]FDG uptake in normal organs of inter-
est (liver, brain and lung) in 5623 patients that underwent 
PET/CT scan for oncological indications and stratified them 
into four groups by serum glucose levels. All organs showed 
significant differences in mean SUVmax among different 
groups (p < 0.001); multivariate analysis adjusted for sex, 
age and BMI, confirmed significant differences only for the 
brain and the liver not for the lung.

A previous study published in 2013 by Büsing et al. 
[28] assessed the impact of chronically elevated blood 
glucose levels (BGL) on [18F]FDG tumor uptake and 
biodistribution in healthy organs in 90 patients with 
BGL ranging from 50 to 372 mg/dl [28] and found sig-
nificant associations between BGL and both cerebral 

uptake reduction (p < 0.001) and muscle uptake increase 
(p < 0.001) and weak associations between BGL and liver 
uptake (p = 0.06), tumoral SUVmax (p = 0.133), fat, lung 
and spleen (p = 0.136–0.157).

A recent meta-analysis published in 2019 [29] assessed 
the effect of BGL in 20,807 individual on SUVmax and SUV 
mean measurements of 8380 patients. Patients were divided 
into five groups by BGL and SUVmax and SUVmean values 
of tumor, brain, muscle, liver and blood pool were recorded: 
Significant inverse correlations were found between BGL 
and SUVmax and SUVmean in brain (p < 0.001, p < 0.001) 
and muscle (p < 0.001, p < 0.001), while positive correla-
tions were found between BGL and SUVmax and SUVmean 
in liver (p = 0.001, p = 0004) and blood pool (p = 0.008, 
p < 0.001). No significant correlation was found between 
BGL and SUVmax or SUVmean in tumors.

In multivariate analysis, SUVmax or SUVmean were con-
sidered dependent variables, and pre-scan BGL, sex, age, BMI, 
diagnosis of diabetes mellitus, injected dose of FDG, time 
interval between FDG injection and imaging were considered 
independent variables: All hyperglycemic groups compared 
with the euglycemic group presented brain and muscle SUVs 
significantly lower (p < 0.001 for both), while increased SUV-
max and SUVmean in liver (p = 0.001, p = 0004) and blood 
pool (p = 0.008, p < 0.001) were recorded. Tumors presented 
significantly lower SUVmax only for BGL > 200 mg/dl: One 
explanation could be that tumoral cells overexpress GLUT 
in order to respond to the hypoxic condition subsequent to 
induced angiogenesis [29, 30] previously demonstrated in vari-
ous cancer types [31, 32]; another could be the tumoral tissues 
loss of the control over glucose transportation and metabolism 

Fig. 3  [18F]FDG PET/CT scan in two patients with recent diagno-
sis of pulmonary nodule prior to histological diagnosis: left apical 
node of patient A presents very high [18F]FDG uptake compared to 

medium lobe node of patient B. Subsequent histological diagnosis 
revealed in case A a NSCLC instead in case B a typical carcinoid



257Acta Diabetologica (2020) 57:253–262 

1 3

[31]: For these reasons, in tumoral tissue GLUT could be not 
saturated even in case of high BGL.

The reduction in brain [18F]FDG uptake in case of hyper-
glycemia is an issue in case of [18F]FDG PET/CT imaging of 
the brain routinely performed for dementing disorders (early 
and differential diagnosis), cerebral space-occupying lesions, 
epilepsy and differential diagnosis of movement disorders. 
EANM procedure guidelines [33] required BGL < 160 mg/
dl in order to avoid stochastic noise increase and to preserve 
contrast between white and gray matter to maintain intact high 
diagnostic accuracy of the PET/CT scan.

Management of hyperglycemia and diabetic 
patients

Worldwide international societies and groups like the 
European Association of Nuclear Medicine (EANM) [34], 
the Society of Nuclear Medicine and Molecular Imag-
ing (SNMMI) [35], the American College of Radiology 
(ACR) [36] and the National Cancer Institute (NCI) [37], 
proposed protocol guidelines to manage correct patient 

Fig. 4  Different [18F]FDG uptake in a patient with DLBCL. a Prevascular lymph node; b iliac lymph node; c heterogeneous hepatic localization 
of lymphoma with central necrotic component that reduces [18F]FDG uptake; d bone localization of lymphoma
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preparation for a [18F]FDG PET/CT scan, in order to 
avoid hyperglycemic status.

Non-diabetic patients should fast, and parenteral nutrition 
and intravenous fluids containing glucose should be discon-
tinued for at least 4–6 h before [18F]FDG injection to pre-
vent high insulinemia; BGL must be measured by a glucom-
eter prior [18F]FDG administration [34–37]: For clinical 
studies, the upper BGL threshold accepted is 200 mg/dl, for 
research if ranges between 126 and 150 mg/dl [34]. In case 
of hyperglycemia, it is possible to lower BGL in patients by 

asking them to hydrate while ambulating until an acceptable 
level has been achieved [34].

Guidelines provide recommendations for patients with 
diabetic mellitus: In particular, European ones [34] are more 
specific for diabetes treated by oral medication and insulin.

For diabetic patients treated with oral medication such as 
metformin, they should fast for at least 4–6 h before [18F]-
FDG injection, continuing to take oral medication to control 
blood sugar level and providing adequate hydration; PET/
CT scan should preferably be performed in the late morning. 

Fig. 5  a [18F]FDG PET/CT scan performed for characterization of 
a hepatic lesion in a 41-year-old diabetic patient treated with met-
formin. High intestinal uptake is visible in particular in descending 
colon. b [18F]FDG PET/CT scan performed for suspected occult 

lesion in a 51-year-old diabetic patient treated with metformin and 
hepatic lesions suspected for metastases. High intestinal uptake is vis-
ible in particular in transverse and sigmoid colon
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Metformin decreases BGL by lowering gluconeogenesis, 
increasing insulin sensitivity, and enhancing glucose con-
sumption by enterocytes [38]. Its known action on the bowel 
assumes a critical role in [18F]FDG physiological distribu-
tion: Metformin significantly increases [18F]FDG accumula-
tion in the bowel, in particular in the colon [39] (Fig. 5a, b).

Massolo et al. [40] in 2013 verified this phenomenon in 
fifty-three mice submitted to dynamic acquisitions of [18F]
FDG kinetics under fasting conditions over a 4-month study 
period and subdivided into four groups: untreated mice 
(group 1), mice exposed to metformin treatment for 48 h 
before each PET scan (group 2), mice treated for the whole 
study period (group 3) and mice in which treatment was 
interrupted 48 h before PET scan (group 4). They found that 
prolonged drug administration significantly increased bowel 
[18F]FDG uptake after a relatively long period of treatment 
and persisted after drug washout.

This increased [18F]FDG uptake has been also demon-
strated in clinical practice.

A prospective study published by Gontier et al. [41] dem-
onstrated an intense, diffuse and continuous pattern distribu-
tion of [18F]FDG along the bowel, strongly predominant in 
the colon, in patients treated with metformin. They enrolled 
fifty-five patients under oral medication for diabetes mel-
litus divided into two groups on the basis of anti-diabetic 
treatment (group 1a treated with metformin and group 1b 
in anti-diabetic treatment excluding metformin) and com-
pared to control group (group 2, patients without diabetes 
mellitus). Patients treated with oral medication presented 
significantly increased [18F]FDG bowel uptake compared 
to controls (p < 0.001); [18F]FDG bowel uptake was signifi-
cantly higher in group 1a compared to group 1b (p < 0.01).

The effect of metformin on [18F]FDG bowel uptake must 
kept on mind in case of PET/CT scan performed for abdomi-
nal evaluation, in particular in case of suspected peritoneal 
carcinomatosis, colic or gynecological neoplasm in which 
increased [18F]FDG bowel uptake could induce false-nega-
tive results [41]. No guidelines consensus is available on the 
oral anti-diabetic treatment management in case of abdomi-
nal evaluation, but several published studies on the timing 
of metformin discontinuation are available.

A retrospective study published in 2016 [42] aimed to 
assess the impact of metformin discontinuation up to 72 h 
in [18F]FDG bowel uptake. Two hundred and forty diabetic 
patients were divided into four groups on the basis of met-
formin discontinuation: < 24 h (group A), 24–48 h (group B), 
48–72 h (group C) and no metformin (control group). Com-
pared with the control group, [18F]FDG uptake increased 
significantly from the ileum to the rectosigmoid colon in 
group A (p < 0.001), from the transverse to the rectosigmoid 
colon in group B (p < 0.001) and from the descending colon 
to the rectosigmoid colon in group C (p < 0.001), highlight-
ing a suboptimal metformin discontinuation for < 72 h for 

image interpretation, in particular for distal segments of the 
colon.

Conversely, a prospective study published in 2010 [43] 
concluded that discontinuation of metformin for 2 days is 
feasible to reduce high [18F]FDG bowel uptake. One hun-
dred thirty-eight diabetic patients were divided into two 
groups: group A treated with metformin and group B in 
which the regimen did not include metformin and were com-
pared to patients without diabetes mellitus (control group). 
Group A was divided into two subgroups on the basis of 
metformin discontinuation (group A1 continued metformin, 
group A2 stopped metformin treatment 2 days before PET/
CT scan). Ten diabetic patients underwent two consecu-
tive PET/CT scans before and after the discontinuation of 
metformin. Group A1 compared to group A2 and group B 
presented a significantly higher (p < 0.001) [18F]FDG bowel 
uptake. In 10 patients who underwent serial PET/CT scans, 
[18F]FDG bowel uptake decreased by 64% and hidden colo-
rectal malignancies were revealed in two patients after the 
discontinuation of medication.

Despite no consensus is available on the timing met-
formin discontinuation, in case of [18F]FDG PET/CT scan 
for abdominal malignancies, a careful evaluation of patient’s 
drug treatment must be conducted, to ensure the optimal 
patient preparation in order to avoid false-negative result 
preventing the rise of BGL.

In case of treatment with insulin, European guidelines 
[34] suggest different options for scheduling [18F]FDG 
PET/CT scan on the basis of the treatment protocol. Com-
monly, insulin-dependent patients can be scheduled for PET/
CT scan in late morning or midday, [18F]FDG should be 
injected no sooner than 4 h or 6 h after subcutaneous injec-
tion of rapid-acting and short-acting insulin, respectively, 
after having had breakfast in the early morning and subse-
quent fasting. For patients treated with intermediate-acting 
and/or long-acting insulin, [18F]FDG injection is not recom-
mended on the same day of insulin administration and PET/
CT scan should be scheduled in the early morning after insu-
lin injection the evening before and night fasting. Particular 
attention needs long-acting insulin management that could 
have an interference with PET/CT scan, thus intermediate-
acting replacement is mostly recommended. In case of con-
tinuous insulin infusion patients should be scheduled in the 
early morning and the insulin pump stopped for at least 4 h 
prior [18F]FDG injection.

The basis of this careful attention on insulin administra-
tion is the insulin’s affinity for GLUT-4, expressed in the 
skeletal and cardiac muscle, and in brown and yellow adi-
pose cells [10]: Insulin causes the shift of GLUT-4 from 
intracellular location to the plasma membrane [44, 45] pro-
moting both normal glucose and [18F]FDG intracellular 
uptake and resulting in altered radiotracer biodistribution 
and suboptimal image quality [39, 46]. The aforementioned 
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study by Büsing et al. [28] also found out that diabetic and 
insulin patients compared to non-diabetics and non-insulin 
patients presented significant lower mean cerebral SUVmax 
(p < 0.001) and higher mean muscular SUVmax (p < 0.001).

An increase up to 50% was also observed in average fat 
tissue SUVmax and myocardial uptake in diabetic patients 
and insulin patients, respectively.

Despite this known effect of both endogenous and exog-
enous insulin on [18F]FDG biodistribution, several studies 
investigated the impact on image quality of insulin adminis-
tration before [18F]FDG injection to correct hyperglycemia 
(Fig. 6).

In 2006, Turcotte et al. [47] assessed the impact of intra-
venous insulin 60 min before [18F]FDG injection on mus-
cular, liver or lung [18F]FDG uptake. They compared 53 
diabetic patients with BGL > 7.0 mmol/l versus 53 euglyce-
mic non-diabetic patients and found no significant difference 
for the SUV calculated on the lung, liver, heart and skeletal 
muscles.

A study published in 2009 [48] aimed to assess the 
clinical impact of intravenous administration of short-
acting insulin in 63 patients with glycemia greater than 
10 mmol/L according to standardized protocol: two units 
for glycemia of 10.0–12.0 mmol/L, three units for glyce-
mia of 12.1–14.0 mmol/L, and four–six units for glyce-
mia of 14.1 mmol/L and above to reach a glycemia lower 
than 10.0 mmol/L. If glycemia after 30 min was still above 
10.0 mmol/L, a second insulin dose was given. [18F]FDG 
was administered at least 60 min after the last insulin admin-
istration. After PET/CT scan patients were divided into two 

groups on the basis of [18F]FDG visual distribution: group 
A with adequate biodistribution (normal biodistribution, 
mild muscular uptake or muscular uptake involving more 
than one muscle group) and group B with altered biodistri-
bution (diffuse muscular uptake of moderate intensity or dif-
fuse, intense muscular uptake resulting in a non-diagnostic 
examination). [18F]FDG distribution was also semiquanti-
tatively assessed by SUV mean of liver, gluteal muscles and 
myocardium. Group A vs group B presented a significantly 
longer time delay between insulin and [18F]FDG injections 
(p < 0.01), higher glycemia reduction after insulin injection 
(p < 0.01), higher hepatic mean SUV (p < 0.01) and lower 
gluteal muscular mean SUV (p < 0.01). This study con-
cluded that an interval of at least 90 min between insulin 
and [18F]FDG administration should be considered and that 
hepatic and muscular SUVs could be useful tools to define 
adequate biodistribution of [18F]FDG.

In 2013, Caobelli et al. [49] evaluated the usefulness 
and impact on muscular [18F]FDG uptake of a protocol 
of intravenous insulin administration before [18F]FDG 
PET/CT scan in 130 diabetic patients. In 20 patients with 
BGL > 180 mg/dl endovenous insulin was administered 
30 min earlier than 18F-FDG injection (group 1); in 10 
patients with BGL > 160 mg/dl and < 200 mg/dl, no insulin 
was injected (group 2); 100 patients euglycemic were used 
as control group. Biodistribution was adequate in group 2 
and control group and in 95% of patients in group 1. No 
significant differences were found between groups in gluteal 
muscle SUVmax (p = 0.20) and no false-negative result was 
recorded at 6-months follow-up evaluation.

Fig. 6  [18F]FDG PET/CT scan performed for restaging of Hodgkin lymphoma after six cycles of chemotherapy in a 65-year-old diabetic patient 
treated with short-acting insulin. High muscular [18F]FDG uptake is visible in particular in quadriceps muscle
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In 2013, Song et al. [50] assessed the impact of intrave-
nous ultra-short insulin administration 60 min before [18F]
FDG injection in 105 diabetic patients: 52 patients with 
BGL > 190 mg/dl received 3–5 IU of insulin were com-
pared to the remaining 53 with BGL < 190 mg/dl who did 
not receive insulin and no significant differences in image 
quality (p = 0.47), hepatic SUVmean (p = 0.13), gluteal mus-
cle and brain uptake (p = 0.71 and p = 0.16, respectively) 
were found.

A study conducted by Garcia et al. [51] concluded that the 
quality of [18F]FDG PET/CT scan is not affected by subcu-
taneous administration of rapid-acting insulin if radiotracer 
is injected at least 4 h later. They enrolled 120 patients 
divided in four groups on the basis of insulin administra-
tion and delay to [18F]FDG injection: 30 diabetic patients 
with BGL < 160 mg/dl without further insulin administra-
tion (group 1), 30 diabetic patients with BGL ranging from 
168 to 260 mg/dl in which subcutaneous rapid-acting insulin 
was administered and [18F]FDG was injected after a delay 
of 30–115 min waiting for BGL dropped below 160 mg/dl 
(group 2), 30 diabetic patients with BGL ranging from 192 
to 324 mg/dl in which 18F-FDG was injected 4 h after sub-
cutaneous rapid-acting insulin (group 3) and 30 non-diabetic 
patients with normal BGL (72–104 mg/dl) (control group). 
For each patient SUVmax of rectus femoris muscle was 
calculated: In group 2, SUVmax deviated without relation 
between BGL and [18F]FDG muscle uptake and the quality 
of PET-CT scan was suboptimal in 60% of patients in group 
2, in 13% of patients in group 1, while was optimal in all 
patients of group 3.

Despite several study investigated protocols of intrave-
nous administration of insulin before [18F]FDG adminis-
tration in order to reduce BGLs, none has not yet been vali-
dated. EANM and SNMMI guidelines [34, 35] recommend, 
in case of necessity of insulin to correct hyperglycemia, an 
appropriate delay between [18F]FDG and insulin adminis-
tration depending on the type and route of administration 
of insulin. Furthermore, EANM guidelines [34] both sug-
gesting to avoid insulin administration unless this interval 
is less than 4 h and to prefer rapid-acting insulin subcu-
taneous injection (effective life 2–4 h), while short-acting, 
intermediate-acting or long-acting insulin are not recom-
mended for their longer effective life (3–6 h, 12–18 h and 
24 h, respectively).

Conclusions

The management of hyperglycemia in both diabetic and non-
diabetic patients represents an issue in PET/CT practice, 
extensively described by the studies mentioned above. Both 
hyperglycemia and oral and insulin medications showed 
advantages and disadvantages on PET/CT scan accuracy: 

The respect of simple rules guarantees a good quality [18F]
FDG PET/CT scan that sometimes assumes a pivotal role on 
patient clinical management.
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