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Case Report

Challenging equipotency calculation for hydromorphone after 
long-term intravenous application
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Abstract: In advanced stages, most cancer patients suffer from pain which can usually be well controlled 
following the World Health Organization (WHO) level scheme. While the majority of patients report 
adequate pain relief by strong opioids (WHO III), some require an opioid rotation. Despite the existence 
of conversion tables, these rotations mea lead to inadequate pain control or life threatening events. Here, 
we report about a patient with urothelial cell carcinoma presenting in our Department of Pain Medicine 
with massive pain aggravation up to NRS values of 10/10 despite administration of the highest dose of 
intravenously applied hydromorphone. After a small single dose of the far less potent opioid piritramide with 
exceptionally good response, we conducted a stepwise opioid rotation from hydromorphone to piritramide 
within one week without any signs of abstinence or withdrawal. After the opioid rotation, we discharged 
the patient nearly free of pain with piritramide doses far less than equianalgesic dose tables would have 
recommended. Our report impressively points out that even after long-term intravenous application of 
highly potent opioids, new titrations are necessary for rotation to avoid overdosage and discusses several 
mechanisms underlying individual response to different opioids.
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Introduction

Pain is a serious problem occurring in up to 75% of cancer 
patients. The World Health Organization (WHO) has set 
up a three step approach in the treatment of cancer pain, 
which provides sufficient pain control for the majority 
of patients (1). However, despite these guidelines, up to 
30% of patients do not receive adequate pain relief (2).  
Particularly after long-term opioid medication, this 
phenomenon is visible. Opioid rotation is a common 
practice, which is effective in up to 50-80% of patients (3). 
Especially, parenteral administration of opioids is useful for 
rapid titration in patients with severe pain, requiring doses 
no longer convenient for transdermal or oral applications. 
Even though equianalgesic dose tables exist, it is recognized 
that individual patients vary greatly in their response to 
different opioids (4). This report demonstrates a case of 
successful symptom management through opioid rotation 

at a dose far less than the equivalent dose (1/9) based on 
standard conversion table. It impressively emphasizes 
the need of new opioid titration after long-term opioid 
application. 

Case presentation

A 60-year-old woman with a history of inoperable 
urothelial cell carcinoma (T4bN3M0G3) was presented 
to our Department of Pain Medicine. Following radio-
chemotherapy and ureteral stent implantations, she 
developed increasing pain over a period of two years. 
Medical history revealed that her pain medication started 
with WHO I (dipyrone) followed by WHO II (dipyrone 
and tramadol) and WHO III, beginning with fentanyl 
TTS. As a result of insufficient pain control, fentanyl TTS 
was rotated to transdermal buprenorphine in the course 
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of time. The patient reported that even dosage escalation 
up to 140 µg/h buprenorphine did not provide sufficient 
analgesia. Therefore, titrations with levomethadone and 
morphine were performed. However, both medications 
had to be stopped because of hereditary side effects. The 
patient finally received a patient-controlled analgesia (PCA) 
at home with hydromorphone, which initially provided 
satisfactory analgesia. The dosage subsequently escalated 
up to 120 mg per day. During her first visit at our Clinic, 
she rated continuous pain of 9/10 on a numeric rating scale 
(NRS 0= no pain, 10= worst pain imaginable), compounded 
by episodes of increased intensity (NRS 10/10). The quality 
of pain was dull and throbbing. Her current pain medication 
was hydromorphone via intravenous PCA (Hydromorphone 
2 mg/mL, continuous rate 1.4 mg/h, bolus 3 mg, interval 
lock 60 min: average dose 100 mg/24 h) and dipyrone  
(500 mg, 1-1-1-1). She also received pregabaline 150 mg 
1-0-1 due to chemotherapy-induced polyneuropathy. 

Case management

After one single intravenous bolus of 7.5 mg piritramide, an 
opioid with a potency of 0.75 as compared to morphine, the 
patient reported a decrease of pain intensity from NRS 9/10 
to NRS 2/10, with occasional peaks of NRS 3. Due to this 
unexpectedly good response, we supplemented her current 
medication (hydromorphone) with a piritramide-PCA  

(2.5 mg piritramide/mL, no continuous application, 
bolus 2.5 mg, interval lock 15 min, dose limit 30 mg/4 h).  
Running basal rate of hydromorphone was continued, 
but patient-initiated bolus application of hydromorphone 
was stopped. Consequently, we switched the patient 
from intravenous hydromorphone to intravenous 
piritramide within one week through a stepwise reduction 
of hydromorphone basal rate and stepwise elevation of 
piritramide basal rate. Due to this cautiously performed 
overlapping rotation between the two opioids, the patient 
did not show any signs of abstinence or withdrawal. The 
medication with dipyrone and pregabaline was continued. 
Table 1 chronologically presents all the opioids used 
including their specific pharmacological properties (Table 2) 
as well as their equipotent dosages compared to morphine, 
demonstrating a surprisingly low piritramide requirement.

Case outcome

The patient was reassessed daily to determine response to 
therapy and tolerability of the new opioid. After 7 days of 
inpatient stepwise rotation, hydromorphone was completely 
discontinued and the patient received an average daily 
piritramide dose of 120 mg, equivalent to approximately 
14 mg of intravenous hydromorphone, based on standard 
conversion tables. PCA-settings at the end of titration 
were: 3 mg piritramide/ml, basal rate 2.0 mg/h, bolus 3 mg, 

Table 1 Chronological list of the used opioids

Agents applied  
(route of application)

Equianalgesic  
potency (intravenous) 

Final dose  
(average per 24 h)

Titration period  
stable dose

Duration of  
treatment (d/mo)

Equipotent doses  
compared to morphine i.v.

Tramadol (p.o.) ~0.1 400 mg 3 weeks; Yes; Slow 
increase

16 mo ~28 mg

Fentanyl (patch) ~100 100 μg/h 2 weeks; No; Rapid 
increase

2 mo ~67 mg

Buprenorphine (patch) ~30 140 μg/h 2 weeks; No; Rapid 
increase 

2 mo ~100 mg

Levomethadone (p.o.) 2–8 (dose  
dependent)

45 mg titration 
stopped (side effects)

4 d; No; ⇒ Rotation 4 d Titration stopped

Morphine (i.v.) 1 Dose unclear titration 
stopped (side effects)

20 d; No; ⇒ Rotation 20 d Titration stopped

Hydromorphone (i.v.) ~5–8 100 mg 10 d; No; Insufficient 
analgesia despite 
rapid increase

2 mo 500–700 mg

Piritramide (i.v.) ~0.7 120 mg 7 d; Stable until 
discharge

Current ~80 mg
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interval lock 30 min. On discharge two days later, stable 
satisfactory analgesia of NRS 1 at rest and NRS 2 during 
movement was maintained with this opioid medication as 
well as dipyrone and pregabaline.

Discussion

Opioid rotation is an important, but challenging aspect 
of pain treatment. When switching a patient from one 
opioid to another, knowledge of the respective conversion 
ratio is crucial. However, conversion tables are not based 
on well-designed studies and do not include special 
pharmacodynamics and pharmacokinetic properties of the 
respective opioids (2-4,17). 

Our patient was successfully switched to piritramide after 
long-term intravenous use of hydromorphone. Given an 
accepted equipotency ratio of 5‒7:1 for hydromorphone: 
morphine and a ratio of 0.7:1 for piritramide: morphine, 
the calculated daily dose of piritramide would have been 
more than seven times higher than the dose required by 
our patient. Since breakthrough pain is usually treated by 
1/5‒1/6 of the daily opioid dose, our patient would have 
received a bolus of nearly 150 mg piritramide instead of 
the given single dose of 7.5 mg (18). In accordance with 
our report, frequent cases of inconsistencies in opioid 
equianalgesic ratios with even life threatening events 
are described (4). There are great differences in the 
pharmacological properties of opioids and the response 
to opioids differs from person to person. It is influenced 
by multiple factors including gender, age, race, level of 
education, and genetic polymorphisms (19).

Piritramide (1-(3-cyano-3.3-diphenyl-propyl)-4-(1-
piperidyl)piperidine-4-carboxamide) is a synthetic full mu 
receptor agonist with an equipotency ratio to morphine of 
about 0.65‒0.75 (5,6). It is only available for intravenous, 
subcutaneous and intramuscular application and is, 
therefore, commonly used for perioperative pain treatment 
in European countries, often via PCA. Due to its piperidino 
ring, piritramide has an uncommon structure for an opioid. 
The onset of action is within 2‒10 min and its terminal 
elimination half-life is about 8h. Piritramide has a large 
mean volume of distribution of approximately 4.7 litre kg−1 
and a relatively long equilibration half-life between plasma 
and the effect site of approximately 16.8 min. It is mainly 
eliminated by hepatic metabolism (6,20). 

Hydromorphone is a strong opioid which is widely 
used particularly in cancer pain management. Opioids 
are substantially metabolized by cytochrome P450 

(CYP450) enzymes and to a lesser extent by UDP-
glucuronosyltransferases (UGT). A large number of 
CYP450 enzymes have been discovered so far. Among them, 
CYP1A2, CYP2C9, CYP2D6, CYP3A4, and CYP3A5 
enzymes are involved in the metabolism of the majority 
of drugs undergoing this type of biotransformation (7).  
A genetic polymorphism in the CYP450 enzymes 
may account for different concentrations of either the 
administered opioid or its active metabolites at the site of 
action (8). While piritramide is metabolized via CYP3A4, 
hydromorphone is metabolized via UGT (7,9). Our 
patient did not receive any medication, which might have 
interacted with CYP3A4 or UGT. However, since we did 
not perform genetic analyses, we cannot rule out whether 
genetic polymorphism might explain the different responses 
to piritramide and hydromorphone.

Conclusions

Cancer pain management is a challenging topic for 
clinicians. In some cases, an unusual opioid rotation from a 
more potent opioid to a less potent may be helpful due to 
different pharmacological properties. Our report emphasizes 
the need of opioid titration in order to provide individually 
tailored pain medicine for cancer pain management.
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