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Abstract:  

Background: Polyamines have been identified as pain agonists and interact with NMDA 

receptors. A prospective, randomized, multicenter, and blinded phase II clinical trial was 

conducted to evaluate a polyamine-deficient diet for the treatment of perioperative pain in 

patients during spinal surgery. 

Material and Methods: All analyses followed the intention-to-treat principle. The trial was 

designed to evaluate the dose-ranging effect of a low polyamine diet with respect to a total 

(group 1) or partial (group 2) polyamine diet on perioperative pain (7 days before and 5 days 

after surgery). Pain (numerical scale at rest and motion), Quality of life questionnaires (Brief 

Pain Inventory, EIFEL questionnaire, and Short Form-12 acute questionnaire), and tolerance 

of and compliance with the nutritional program were measured.  

Results: Compliance (preoperatively: 100% in group 1 and 83% in group 2; postoperatively: 

83% in group 1 and 71% in group 2) and tolerance were good. After seven days of the diet 

before surgery, a trend of decrease on pain was observed in group 1 whereas no effect was 

observed in group 2 (P = 0.144). This analgesic effect became significant in group 1 in the 

subgroup of patients with initial high levels of pain (NS ≥ 4) at rest (P = 0.03). and on motion 

(P = 0.011). Quality of life was significantly improved in group 1 (P = 0.0465). In the post-

operative period, pain was significantly decreased in group 1 compared to group 2 at rest (P = 

0.022).  and on motion (P = 0.029). The effect was significantly better on patients with higher 

initial pain both at rest (P = 0.013) and on motion (P = 0.005) in group 1 compared to group 

2.  

Conclusion: Suppression of polyamines from the diet offers a nutrition-based treatment 

option for perioperative pain reduction independent of and complementary to typical 

analgesic approaches. 
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Introduction: 

Lower back pain, with or without leg pain, is a notably common problem that effects 

up to 85% of adults and has a negative impact on work productivity and quality of life1-2. It 

may lead to a history of pain sensitization and long-term use of pain medication. Lumbar 

spinal stenosis surgery (LSS) is a perfect surgical example of the complex situation when 

nociceptive (i.e., low back pain), inflammatory (i.e., articular hypertrophy), and neuropathic 

pain (i.e., neurogenic pain) combine to result in substantial psychological and/or social 

consequences3. In this case, the postoperative outcomes remain partially satisfactory (i.e., 

persistent chronic postoperative pain)4. 

Excitation of N-methyl-D-aspartate (NMDA) receptors was considered a 

straightforward process that evolved to maximize the rate of neuronal communication. It was 

recently reported that NMDA receptors might play an important role in pain and/or 

hyperalgesia phenomena, particularly in pain memorization and pain sensitization. In a recent 

review, it was reported that ketamine has an opioid sparing effect, particularly in painful 

procedures5, that is mainly due to the inhibition of NMDA receptors6. Many different NMDA 

receptor subtypes coexist in the central nervous system7. Usually localized in postsynaptic 

sites, they are mobile with various levels of conductance channels modulated by protons, 

polyamines (PA), and magnesium. 

PA (putrescine, spermidine, and spermine) are ubiquitous small cationic organic 

molecules8. They contribute to the control of neuronal excitability. PA act on tyrosine 

phosphorylation of NMDA receptor subtype-2B as a scaffolding element of neuroplasticity7. 

PA have been intensively investigated, and their link to several pathologies has been well 

established8. In addition to their well-known universal role in cell division and proliferation, 

PA are involved in additional biological processes, such as tumor growth9 and inflammatory 

processes10. Interesting preliminary clinical results were recently described in the treatment of 

the prostate cancer11-12. PA were recently shown to regulate the formation of mRNA stress 

granules13. Apart from being endogenously synthesized, an exogenous supply of PA by 

intestinal uptake is generally assumed to be the predominant PA transport pathway. PA 

intestinal absorption occurs through dietary sources (80%) and intestinal absorption from 

bacterial metabolism14-15. Because intestinal absorption is a critical source of PA, an obvious 

link between food and PA concentration has been suggested. Based on recent animal studies, 

researchers have proposed that certain “Functional Foods” (defined as foods or food 

components that may provide health benefits beyond traditional nutrition) may represent a 

promising and safe strategy for improving the management of pain in combination with 
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analgesic drugs classically used16. However, establishing such a proof of concept in humans 

has never been specifically considered and in particular for perioperative pain. In a previous 

experimental model, it was reported that a polyamine-deficient diet (PDD) had preventive 

properties against pain hypersensitivity17, oxaliplatine-induced sensory neuropathy18, and had 

a curative effect on heroin-induced hyperalgesia in a rat model19.   

To test the hypothesis that a PDD could have an effect on perioperative pain in 

humans, we designed a study by building on the experience gained in clinical trials on 

prostate cancer treatment11-12. We planned a prospective, randomized, multicenter, and 

blinded phase II clinical trial following the intention-to-treat principle with the pain level as 

primary endpoint. 
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Material and Methods: 

 

 Study design and patients:  

The study design was built on previous clinical observations made with patients 

suffering from chronic non-malignant pain20 and in castrate-resistant prostate cancer12. A 

significant decrease in the pain scores was observed when patients were under strict PDD, i.e., 

80% of the food intake calories were provided by the food for special medical purposes, 

specifically PolydolTM, which is characterized by a low PA content. Conversely, no effect on 

pain was observed when patients were only under partial PDD. This lack of efficacy was 

probably due to an insufficient systemic depletion of PA. So, we consider that partial PDD 

could be used as control group. In the aim to obtain a blinded effect and to avoid some 

placebo effects, patients were informed that it was a dose-ranging study. So, in partial PDD 

group, patients could expect a significant analgesic effect with less inconvenient than in strict 

PDD group. 

This prospective, randomized, multicenter, blinded phase II study was designed to 

evaluate the dose-ranging effect of a low PA diet with respect to a total (less than 10 µmol of 

PA / day) or partial (approximately 370 µmol of PA / day) PA diet on perioperative pain.  

Eligible patients were aged 18 years or older and had chronic low back pain scheduled 

for spine surgery. The exclusion criteria were undernutrition, major medical problems, 

participation in another randomized trial, inability to use a patient controlled analgesia (PCA) 

morphine, or an inability to provide written informed consent. Patients using NSAIDs and 

steroids for other spine-related reasons, or nefopam were excluded. Pregnancy and diabetes 

with inadequate glycemic control were also exclusion criteria. 

This study was conducted in accordance with the principles of the Declaration of 

Helsinki (59th general assembly of the WMA, Seoul, South Korea, October 2008), the 

Directive 2001/20/EC of the European Parliament and of the Council and the French 

principles of good clinical practices. The study was approved by AFSSAPS and by the 

Regional French Ethics Committee (ID-RCB: 2009-A00504-53 August 2009). The design 

and description of the study adhered to the guidelines of the CONSORT (Figure 1). All 

patients provided written informed consent for trial participation. 

 

 Randomization:  

Eligible patients were randomly assigned (1: 1) to group 1 or group 2 at least 10 days 

before spinal surgery. Block randomization of 16 patients was used to assign patients and was 
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prepared and coordinated by an independent contract research organization (SLB Pharma, 28 

bis rue du Thabor, 3500 Rennes France). The allocation sequence was computer-generated by 

the trial center. Only the physicians were aware of the treatment assignment.  

 

 Treatment: 

Diet:  

Polydol™ is a food for special medical purposes according the European directive 

1999/21/CE and was provided by Nutrialys Medical Nutrition SA. Each 250 ml drink 

contains a very low content of PA (less than 0.1 µmol of PA / drink). The nutritional 

information of PolydolTM is given in Table 1.  

In the total PDD group (group 1), 6 drinks provided 1600 Kcal/day and additional 450 

kcal were provided by a European breakfast (100 g of white bread, 100 ml of milk, 10 g of 

butter, and 10 g of sugar or jam). The patients could ingest additional drinks if they felt still 

hungry. In the partial PDD group (group 2), patients completed their normal diet with two 

drinks/day whenever necessary. The diet started 7 days before surgery and continued for 5 

days after surgery. Nutrialys Medical Nutrition SA performed home and hospital pharmacy 

deliveries. 

 

  Surgery: 

The surgical solution is to decompress the stenotic part of the lumbar spine. In cases of 

spine instability, one or more posterior lumbar interbody arthrodeses or fusions could be 

performed (restricted to four levels or less). Procedure-related complications such were 

recorded. 

 

Anesthesia: 

Before anesthesia, regular treatments were not modified. Regarding the intervention, 

each center was allowed to adopt its own anesthesia procedures, but due to the potential 

action on NMDA receptors, nitrous oxide, nefopam, and ketamine were contraindicated. To 

control postoperative pain, intravenous morphine PCA pumps were used by the patients 

according to a standardized protocol (i.e., bolus dose: 1 mg of morphine, lockout interval: 5 

min; without maximal dose). Of course, usual multi modal analgesia protocol was 

systematically applied (paracetamol, NSAID) at the end of the surgery and during the 

postoperative period. 
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Assessments and follow-up:  

All parameters were recorded at each visit: i.e., at the inclusion time V0 (= pre-

anesthesia visit) before diet, after 7 days of the diet just before surgery (V1), the day after 

surgery (V2), 5 days after surgery at the end of the diet (V3), and 1 and 6 months after the 

surgery (V4 and V5, respectively) (Figure 2). 

Compliance was recorded on each patient's block note and was considered good if the 

patient consumed more than 5 drinks/day in group 1 and more than 1.5 drink/day in group 2 

(i.e., 80% of the total theoretical dose in each group). The tolerability was periodically 

evaluated based on the reporting of adverse effects (AEs) for all participants (i.e. nausea, 

vomiting, and diarrhea or constipation) considered as minor AEs if they do not require 

treatment, and major AEs if specific treatment was required. 

The primary endpoint of the study was the pain level, evaluated by the numerical scale 

(NS) (zero to 10) at rest just after surgery (V2). But at each step pain at rest and at motion was 

recorded. 

The major secondary endpoint was the tolerance to the PDD. The other secondary 

endpoints were neuropathic pain evaluated by the DN4 questionnaire and Neuropathic Pain 

Symptom Inventory (NPSI) questionnaire. Quality of life was determined using the Brief Pain 

Inventory (BPI), EIFEL questionnaire (French version of Low Back Pain and Disability 

questionnaire), Short Form-12 (SF-12) acute questionnaire; sleep disorders were evaluated 

based on the NS of sleepiness (from 0 good sleep to 10 worst sleep disorder).  

 

Statistical analysis:  

All analyses followed the intention-to-treat (ITT) principle. On the ITT, a sample size 

of 64 patients (i.e., n = 32 in each group) had been determined to produce 80% power to 

detect a significance in the rate of pain at α = 0.05 (two-tailed), assuming that the pain 

decrease was 1 point (V0 Vs. V2). Due to the lack of preliminary data, we made the 

hypothesis that PDD, as MNDA antagonist, had a similar effect as another NMDA antagonist 

reported in the literature (ketamine)21. The description of the ITT population was based on the 

comparison of the means of quantitative variables or proportions of qualitative variables 

between 2 independent groups. All tests were two-tailed with significance at 5%.  

For quantitative variables, the results are expressed as the mean with standard 

deviation (SD), range and average. Conditions of validity when using parametric tests were 

checked systematically. Shapiro-Wilk test assessed whether variable distributions violated the 

assumption of normality. Student’s test (T test) was used and was matched (T test) for 
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comparison of means between two independent groups and matched data, respectively. For 

the comparison of means from more than two groups, repeated measures with ANOVA 

method, followed by multiple comparisons based on the contrast method were used. When 

conditions of validity were not verified, Wilcoxon and Mann-Whitney non-parametric tests 

were used. Chi2 test or Fisher’s exact test were used for comparison of proportions between 

two independent groups, and McNemar test was used for matched data. A post-hoc analysis 

with the level of preoperative pain (groups with or without numerical scale of pain  > 4) was 

performed based on the hypothesis that high level of pain induced more hyperalgesia 

phenomenon. 

Statistical analysis was accomplished using JMP software from SAS Institute (10.0 

version for Windows XP). P < 0.05 is considered statistically significant. Data have been 

computed and double-checked by SLB Pharma, and decisions regarding exclusions of patients 

from the statistical analysis were made with the principal investigator. 
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Results:  

 Between September 2009 and September 2012, 64 patients recruited by seven 

participating hospitals were randomized. After the exclusion of 2 patients (one patient 

withdrew consent before treatment in group 1 and one withdrew for cancelled surgery due to 

cancer diagnosis in group 2), 60 patients were analyzed in ITT (one patient in each group was 

excluded from the ITT analysis because of the use of steroids) (Figure 1). 

 

1. Preoperative period 

1.a. Before diet (V0) 

All characteristics of the patients were similar in group 1 and group 2 (Table 2). In 

each group, pain on motion was significantly higher than pain at rest (P < 0.0001). More than 

80% of the patients were taking pain medication on a regular basis before surgery with no 

significant difference between both groups. More than 50% of these patients were taking step 

I pain medication according to the WHO-pain ladder (non-opioid medication). Twenty-six 

patients (52% vs. 46% for groups 1 and 2, respectively) received step II pain medication and 5 

patients received step III pain medication. Despite the possible implication of the number of 

pain medications used on pain levels, there was no significant correlation in each group 

between the number of their medications and the level of pain (no treatment: n = 9 (at rest NS 

= 3.7 ± 2.6), one treatment: n = 21 (NS = 4.0 ± 2.3) and more than one treatment: n = 30 (NS 

= 4.7 ± 2.3)). There was only a slightly non-significant higher level of pain for patients on 

opioid medications (n = 5, NS = 5.2 ± 2.2 at rest, and 7.4 ± 1.3 on motion). There was no 

difference in neuropathic pain characteristics and in the results of quality of life 

questionnaires. 

 

1.b. Preoperative effects of the PDD (V1).  

The compliance was 100% in group 1 (n = 30/30) and 83% (n = 24/29) in group 2 

(Table 3). The tolerance was good. A few minor AEs (not requiring treatment) were recorded 

in group 1 than in group 2 were reported (nausea 9 vs. 4; constipation 6 vs. 2, diarrhea 6 vs. 2; 

for group 1 and 2, respectively). No additional drinks were used, and only 15% of patients 

required rice or bread at least once to be satiated in group 1. 

In group 1, after seven days of PDD and without any change in analgesic treatment, 

there is a non-significant decreasing trend of their pain at rest (4.0 ± 2.7 to 3.5 ± 2.5 at V0 and 

V1, respectively) and on motion (6.7 ± 2.5 to 5.7 ± 2.8 for V0 and V1, respectively). No 

similar effect was observed in group 2. Based on previous clinical results showing that the 
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patients who had higher levels of pain were experiencing more decreased pain after a PDD, 

the evolution of pain in patients with NS > 4 at V0 (n = 18 and 21 at rest, and n = 29 and 26 

on motion, in group 1 and 2, respectively) was explored. In group 1, pain at rest decreased 

significantly from 5.9 ± 1.4 at V0 to 4.5 ± 2.6 at V1 (P = 0.03) and pain on motion decreased 

significantly from 7.2 ± 1.8 at V0 to 5.8 ± 2.8 at V1 (P = 0.011). In group 2, there was no 

difference in the pain levels for the patients with a NS > 4 (P = 0.75 at rest and P = 1 at 

motion).  

The opioid treatment did not influence those results and no significant difference was 

observed when the patients (n = 5) with opioid medication were excluded from the statistical 

analysis. 

After seven days of the diet, the quality of life according to the EFEIL questionnaire 

was significantly improved in the total PDD group 1 (P = 0.046). 

 

2. Per-operative period (day 0). 

Pre-operative characteristics were similar for all of the patients (see table 4). Five 

patients in group 1 (16%) and four patients in group 2 (14%) underwent unintended 

durotomy. 

Despite their contraindication in the protocol, two patients in each group received an 

anti-NMDA drug (one patient received nitrous oxide administration and one received 

nefopam in group 1; two patients received ketamine administration in group 2). Multimodal 

pain treatment was almost used systematically and in the same way for all of the patients. 

Anesthesia protocols were similar in the two groups.  

 

3. Postoperative period 

3.a. Immediate postoperative period (day 1 (V2) to day 5 (V3) after surgery) 

Twenty-seven and twenty-six patients remained under protocol in groups 1 and 2, 

respectively at V2, and twenty-four and twenty-five patients at the end of the diet (V3). 

During the postoperative period, compliance with the diet remained satisfactory until 

the end of the diet at day 5 (Table 3). As preoperatively, there were slightly more minor AEs 

in group 1 than in group 2. However, more patients needed a specific treatment in group 2 (4 

vs. 7, in groups 1 and 2, respectively).  

At V2, one day after the surgery, pain at rest was significantly decreased in group 1 

compared to group 2 (P = 0.022, Table 5) as expected in our statistical design. Regarding pain 

on motion, the decrease of pain between the two groups did not reach significance; but there 
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was a significant decrease of pain in group 1 (6.7 ± 2.5 at V0 to 5.1 ± 2.9 at V2; P = 0.029), 

whereas no such effect was recorded in group 2. 

When the evaluation was performed for the patients with higher pain at rest (NS > 4 at 

V0), the effect of group 1, in comparison with group 2, was more significant at rest (P = 

0.013) as well as on motion (P = 0.005). The decrease of pain on motion was clearly 

significant in group 1 (P = 0.004), whereas no significant effect was observed in group 2 (P = 

1). ANOVA analysis (V0 to V2) confirmed the interaction between the level of pain (NS< 4 

or NS > 4 at V0) and the treatment (P = 0.001). 

At the end of the nutritional program (V3) just before leaving the hospital and, likely 

because of the impact of the surgery, the level of pain was similar in both groups. 

In terms of the quality of life and because of the difficulties in performing an 

evaluation on the first postoperative day, we only made a comparison at V3. Although 

significance was not reached, we found a trend of improvement in group 1 (P = 0.063) with 

the EFEIL questionnaire. 

There was no difference in the postoperative opioid and non-opioid analgesic 

consumption (Table 6). 

 

Long-term follow-up (at 1 (V4) and 6 months (V5)) 

There was no difference between the two groups in terms of postoperative hospital 

length of stay. One patient in each group had a new hospitalization between V3 and V4, one 

in group 1 for scar infection and one in group 2 for surgical complication, and during the six 

months following surgery (for new disc herniation). Despite of the positive effects of PDD in 

perioperative situation, there was no difference between the two groups in terms of long-term 

outcomes. 
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Discussion:  

We found that the PDD using Polydol™ had pain reduction effects on perioperative 

(i.e., pre and early postoperative) pain in the current clinical study. This is the very first 

randomized multicenter clinical trial confirming this new approach for the management of 

chronic pain. Our clinical data reinforce results from previously reported preliminary 

studies12, 20. We choose to use a control group with partial PDD because we known that a 

partial PDD is not enough to induce a sufficient decrease of PA to allow a clinical effect. It 

was only reported an effect in chronic pain when a profound PA diet was previously induced. 

A group eating just a regular diet could be disappointed and we could not extrapolate the 

placebo effect. 

 

Despite the multicenter design study, the two groups were similar enough to provide a 

statistical evaluation. The mean duration of pain before surgery was approximately two years 

confirming the patient’s status of chronic pain.  

Covariate analysis, using ANOVA analysis, led to the observation that males had 

significantly less pain at rest than females (P = 0.014 at V0) so it was not surprising that the 

effect of the diet was more significant in the female group (P = 0.011 at V2 compared to V0) 

than in males (P = 0.06). These differences were not significant on motion. Note that the 

gender difference was previously reported with various explanations [see22]. 

It is noteworthy that pain reduction induced by PDD was relatively quick with a 

significant effect reported during the preoperative period (7 days) despite any therapeutic 

modification. Interestingly, this PA deficient diet seems to be more effective for the higher 

levels of pain. If the statistical significance was not reached during the preoperative period, it 

is noteworthy that the decrease of pain was 0.5 points at rest and 1.0 point on motion in group 

1, whereas no effect was recorded in group 2. If we evaluate patients with higher pain (NS ≥ 4 

at rest) at V0, before surgery the effect of PDD led to a decrease 1.4 points at rest, and on 

motion. In other words and as an example, on motion if more than 90% of patients in the two 

groups had high levels of pain on motion (NS > 4) at V0, we observed a decrease at 70% 

before surgery to 54% just after surgery and 35% at the end of the nutritional program in 

group 1; whereas it remains at 90% at V1, 87.5% at V2 and 54% at V3 in group 2. In group 1, 

the pain reduction effect observed during the preoperative period was significantly increased 

just after surgery. On the one hand, it was reported in the literature that there was a clear 

correlation between the level of the preoperative pain and the level of postoperative pain23. On 

the other hand, the level of postoperative pain is predictive of chronic pain4. Therefore, the 
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efficacy of the PDD during the preoperative period could be very important. Quality of life 

was significantly improved during the preoperative diet treatment. Using the BPI 

questionnaire, we found no benefit; however, this may be because the questions refer to an 

assessment throughout this week of treatment. To see an effect of the treatment, BPI questions 

should have been asked just during the last two days.  

The compliance with the PA deficient diet was very good, with no indication of 

significant food related AE. The relatively short duration of participation in the PDD (12 

days) was accomplished by all our patients with a high frequency of compliance. The good 

tolerance could also be explained by prevention or treatment of anxiety, as previously 

described in a rat model24 and with other NMDA antagonists25, 26. Preoperatively, the trend of 

decreased pain and the significant improvement of quality of life could also impact patient’s 

psychology and may explain the better compliance observed in group 1. Due to the design of 

the study (dose-ranging study) we could most likely exclude a psychological effect between 

the two groups as usually observed if the patient information uses words such as placebo or 

control group. PDD, with appropriate composition of food, seems to have no AE on a 

postoperative period in terms of wound healing or risk of infection.  

Due to the design of this clinical study, the number of patients included may have been 

too small to reach a level of significance with regard to long-term follow-up. Nevertheless, it 

was not surprising that no significant effects were recorded at 1 and 6 months. In previous 

clinical trials, the effects were more significantly prolonged when the duration of the total 

PDD was extended by more than 2 weeks. As described in prostate cancer publications and 

unpublished data on chronic pain treatment12, 20, prolonged pain reduction effect has been 

maintained after 3 weeks of total PDD by the polyamine relative diet. Patients progressively 

modified the diet with foodstuff as a function of their PA content and decreased the number of 

drinks per day moving to a diet based on a list of foods with low PA content. Using a 

polyamine database, we could introduce diet variations based on the estimation of PA 

exposure27-29. 

If the major mechanism of action of PDD is most likely due to an inhibition of 

tyrosine phosphorylation of the NMDA receptors, we could not exclude other mechanisms of 

action. PA levels generally increase with inflammation. These higher levels and activity lead 

to the influx of pro-inflammatory macrophages into the central nervous system. We could not 

exclude a peripheral effect because experimental data have shown that peripheral PA are 

related to the induction of inflammation which is reduced with the inhibition of the PA 

biosynthesis enzyme15. This is consistent with recent publications in the prevention of 
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colorectal adenoma30-31. In addition to NMDA receptors, PA may interact with different 

affinities with the voltage sensitive calcium channel, TRPV1, or AMPA. In the absence or 

decrease of extracellular PA, there may be a decrease of intercellular PA movement, which 

would decrease the stress response, or there is a more efficient intercellular PA migration 

producing a better coordinated response to stress and cell proliferation13. Nevertheless, the 

possible anti-inflammatory effect displays no significant adverse effects during the 

postoperative period. As previously mentioned, we did not observe any delay in wound 

healing or level of infection. Most likely, the PA deficiency is not substantial enough to 

depress the wound healing processes, which may be because quiescent cells have a significant 

lower PA content than active cells, quiescent cells are less sensitive to many stresses. 

However, with various possible mechanisms of action, there is emerging evidence indicating 

a relationship between PA and pain or neural sensitization emphasizing the importance of 

PDD17-19.  

Some limitations of this study need to be addressed. We did not evaluate PA 

concentrations in the blood during the nutritional program. The development of an accurate 

biomarker of dietary PA exposure would improve the accuracy of PDD. We have previously 

reported a link between pain and the level of PA in the cerebrospinal fluid; but the biomarker 

was not yet accurately validated32. Particularly in the partial PDD group, the caloric load was 

not strictly controlled. Perhaps we could not exclude that caloric and type of calories 

introduce some differences. A true control group, with the same number of blinded drinks, 

could be discussed, but the procedure was too expensive. 
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In conclusion, based on the current study, suppression of polyamines from the diet 

may be an important mechanism of preoperative and/or early postoperative (hyperalgesia) 

reduction independent of usual analgesic approaches. With good tolerance and compliance, a 

polyamine-deficient diet could be a new and safer technique for the treatment and/or the 

prevention of postoperative pain.  Due to active patient participation, a polyamine diet could 

be part of the therapeutic education of chronic pain patients or be part of pre-habilitation 

strategy before surgery. This very first study confirms the concept proof the potential interest 

to use the polyamines diet as new analgesic strategy. Further studies must confirm the interest 

of such protocol for patients with high level of pain or for patients opioid-tolerant; 

comparison of the long-term benefits and costs will therefore require further studies. 
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Figure 1: Flow-chart of the study 
 
Figure 2: Study design 
 
Table 1: Nutritional information of POLYDOLTM 

 
Table 2: Preoperative characteristics and pain evaluation before the diet (V0) and after 7 days 
of the diet, before surgery (V1) 
 
Table 3: Compliance with the diet at after 7 days (V1) and after 12 days (V3) 
 
Table 4: Details of the surgery and anesthesia 
 
Table 5: Postoperative characteristics and pain evaluation 1 day (V2) and 5 days (V3) after 
surgery 
 
Table 6: Morphine consumption during and after surgery 
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Fig 2: 
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NUTRITION INFORMATION 250 ml 

Energy 265 kcal 

Proteins 10 g  

Carbohydrates 30 g  

Of which sugars 10 g  

Fats (total) 11·25 g 

Of which     •saturated fatty acids (FA) 3 g  

• monounsaturated FA 3·3 g 

• polyunsaturated FA 2·5 g 

• omega 3 (total) 1·8 g 

Fibers 4·5 g 

VITAMINS  250 ml MINERALS 250 ml 

A 135 µg Calcium 152 mg 

E 11 mg Potassium 281 mg 

D 1·8 µg Magnesium 31 mg 

C 94 mg Sodium 106 mg 

B1 1·1 mg Copper 0·25 mg 

B2 0·7 mg Iron 0·3 mg 

B6 2·1 mg Manganese 0·5 mg 

PP 4·2 mg Zinc 1 mg 

B5 2·2 mg Chlorides 265 mg 

H 42 µg Iodine 7 µg 

B9 111 µg Chromium 25 µg 

B12 0·1 µg Molybdenum 8·8 µg 

K1 4·3 µg Selenium 2·5 µg 

    Phosphorus 112 mg 

    Fluorine 0·5 mg 

Table 1: 
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    Mean ± SD (min-
max) 

Group 1  
(n = 31) 

Group 2  
(n = 29) 

P 

Patient 
characteristics 

Age (yr.)   59 ± 13 
(32-79) 

54 ± 11 
(32-85) 

NS 

  BMI (kg/m2)   27.4 ± 6.3 
(18.5-43.2) 

27.4 ± 5.2 
(19.5-39.4) 

NS 

  Sex ratio (F/M)   20 (65%) / 11 (35%) 14 (48%) / 15 
(52%) 

NS 

  Median of duration of 
pain before surgery (yr.) 

  2.5 2.0   

Pain 
  

Pain before inclusion 
(V0) 

At rest 4.0 ± 2.7 (0-8) 4.6 ± 1.9 (1-10) NS 

    Wi t h w a l k i n g 
( m o v e m e n t -
evoked pain) 

6.7 ± 2.5 (0-10) 6.8 ± 2.1 (1-10) NS 

    Pain killer before 
inclusion 

27 (87%) 24 (83%) NS 

    
  

Neuropathic pain 
from DN4 

4.3 ± 1.8 (1-8) 4.2 ± 2.1 (0-8) NS 

    Neuropathic pain 
from NPSI 

27.1 ± 19.1 (3-82) 
32.3 ± 17.1 

(6-65) 
NS 

  Pain after diet and 
before surgery (V1) 

At rest 3.5 ± 2.5 (0-8) 4.5 ± 2.4 (0-10) 0.144 

    Wi t h w a l k i n g 
( m o v e m e n t -
evoked pain) 

5.7 ± 2.8 (0-10) 6.6 ± 2.2 ((2- 
10) 

0.166 

    
  

Neuropathic pain 
from DN4 

3.8 ± 2.2 (0-9) 3.9 ± 2.0 (0-8) NS 

    Neuropathic pain 
from NPSI 

24.3 ± 14.5 (0-62) 29.1 ± 16.2 
(0-60) 

NS 

Quality of life Before inclusion (V0) Sleep disorder (0 
to 10)  

4.3 ± 3.3 (0-8) 4.4 ± 2.6 (0-9) NS 

    EIFEL 
questionnaire 

14.3 ± 4.6 (4-22) 15.7 ± 3.4 
(8-23) 

NS 

    Worst pain (BPI 
questionnaire) 

7.8 ± 1.9 (4-10) 8.4 ± 1.6 (5-10) NS 

    Lowest pain (BPI 
questionnaire) 

2.3 ± 2.0 (0-8) 3.3 ± 2.1 (0-10) NS 

  After diet and before 
surgery (V1) 

Sleep disorder (0 
to 10) 

4.0 ± 3.1 (0-9) 4.5 ± 2.7 (0-9) NS 

    EIFEL 
questionnaire 

13.1 ± 5.1 (2-22) 15.5 ± 3.6 
(7-22) 

0.0465 

    Worst pain (BPI 
questionnaire) 

7.2 ± 2.4 (2-10) 7.9 ± 2.2 (2-10) NS 

    Lowest pain (BPI 
questionnaire) 

1.9 ± 2.0 (0-7) 2.7 ± 2.6 (0-10) NS 

Table 2: 
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Compliance to the PA diet Group 1 Group 2 

Preoperative period 
  

7 days 100% (30 / 30) 83% (24 / 29) 

Postoperative period 
(V2 to V3) 

5 days 83% (20 / 24) 80% (20 / 25) 

Table 3 : 
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    Group 1 Group 2 P 

Previous 
surgery 

Spine surgery 9 (29%) 6 (21%) NS 

Spine surgery Disc herniation 1 (3.2%) 1 (3.4%) NS 

  Facetectomy/ 
laminarthrectomy 

+ without arthrodesis 

13 (41.9%) 10 (34.4%) NS 

    
+ with arthrodesis 

17 (54.8%) 18 (62%) NS 

  Duration of surgery (hr.) 1.4 ± 0.5 (0.45-4.20) 1.4 ± 0.5 (0.30-3.40) NS 

  Hospital stay (day) 5 ± 2.3 (5-?) 4.8 ±1.3 (5-3) NS 

Anesthesia Sufentanil total dose 
(µg) 

62.64 ± 48.0 (20-230) 56.81 ± 33.70 
(15-160) 

NS 

  Anesthesia (Propofol / 
Sevoflurane) 

84% / 61% 97% / 66%   

Table 4:  
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  Mean ± SD (min-
max) 

Group 1 Group 2 P 

Pain 
  

Pain just after surgery 
(V2) 

At rest 3.7 ± 2.5 (0-10) 5.3 ± 2.6 (2-10) 0.022 

    With wa lk ing 
( m o v e m e n t -
evoked pain) 

5.1 ± 2.9 (0-10) 6.3 ± 2.6 (2-10) 0.138 

    
  

Neuropathic pain 
(DN4) 

2.0 ± 1.8 (0-6) 2.0 ± 1.6 (0-5) NS 

    Neuropathic pain 
from NPSI 

14.7 ± 14.7 (0-57)  21.2 ± 16.9 
(0-65) 

NS 

  Pain at the end of diet 
(V3) 

At rest 2.3 ± 2.1 (0-8) 2.4 ± 1.9 (0-8) NS 

    With wa lk ing 
( m o v e m e n t -
evoked pain) 

3.2 ± 2.3 (0-10) 3.7 ± 1.6 ((0- 6) NS 

    
  

Neuropathic pain 
from DN4 

1.9 ± 1.3 (0-5) 2.0 ± 1.5 (0-6) NS 

    Neuropathic pain 
from NPSI 

10.4 ± 11.3 (0-53) 
14.4 ± 11.6 
(0-36) 

NS 

Quality of life Just after surgery (V2) Sleep disorder (0 
to 10) 

4.3 ± 3.5 (0-10) 4.8 ± 3.5 (0-10) NS 

    EIFEL 
questionnaire 

na na   

    Worst pain (BPI 
questionnaire) 

na na   

    Lowest pain (BPI 
questionnaire) 

na na   

  At the end of diet (V3) Sleep disorder (0 
to 10) 

2.7 ± 2.9 (0-10) 2.6 ± 2.5 (0-8) NS 

    EIFEL 
questionnaire 

12.1 ± 5.7 (0-24) 15.0 ± 4.7 (7-23) 0.0629 

    Worst pain (BPI 
questionnaire) 

6.9 ± 2.0 (3-10) 7.6 ± 2.1 (3-10) NS 

    Lowest pain (BPI 
questionnaire) 

1.4 ± 2.0 (0-8) 1.7 ± 1.3 (0-4) NS 

Table 5:  
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Morphine consumption 
(mg) 

Mean ± SD (min-
max) 

Group 1 Group 2 

Intravenously 
  

Initial titration in 
ICU 

8.9 ± 4.2 (2-18) 10.0 ± 5.5 (2-29) 

  PCA at D0 25.0 ± 19.0 (2.1-76) 19.8 ±15.4 (2-67) 

Oral administration D1 23.3 ± 15.3 (10-40) 29 ± 23.8 (10-80) 

  D2 36.7 ± 24.2 (10-80) 30.0 ± 23.3 (10-80) 

  D3 26.9 ± 24.2 (5-80) 27.0 ± 23.2 (10-80) 

  D4 30. 0 ± 21.2 (10-60) 30.0 ± 26.1 (10-80) 

  D5 35. 0 ± 7.1 (30-40) 40.0 ± 36.1 (10-80) 

  D6 35.0 ± 7.1 (30-40) 60.0 ± 28.3 (40-80) 

Total dose   134.5 ± 121.5 (24-487) 134.6 ± 109.2 (6-561) 

Table 6: 

 

 




