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ABSTRACT         ARTICLE INFO______________________________________________________________     ______________________
Objective: To validate and evaluate the applicability of a new score to describe post-
surgical analgesic consumption in urological and surgical patients across different 
categories of pain medications and the invasiveness of medical interventions.
Materials and Methods: The cumulative analgesic consumption score (CACS) was de-
termined for two cohorts of patients split into three groups with surgeries involving 
clinically distinct levels of invasiveness (n = 2 x 60). Nonparametric statistical analyses 
were performed to determine differences between the CACS among the different groups 
and to assess the correlation between CACS and numeric rating scale (NRS) values for 
pain intensity.
Results: The score was determined for postoperative days 1 and 2 and revealed median 
scores of 0 (0-11), 3 (0-22) and 10 (6-17) for UA (urological patients from group A), 
UB (group B) and UC (group C), respectively, and 4 (0-20), 8 (0-38) and 17 (7-68) for 
SA (surgical patients from group A, SB (group B) and SC (group C), respectively. CACS 
enabled reliable differentiation between groups involving different levels of invasive-
ness (p < 0.001). CACS and peak NRS values showed variable degrees of correlation, as 
expressed by levels of significance ranging from p < 0.001 to p = 0.34 (NS).
Conclusions: The CACS is a valid and easily applicable tool to describe postsurgical 
analgesic consumption in urological and surgical patients. It can be used as a surro-
gate parameter to assess postsurgical pain and the invasiveness of surgical procedures. 
These aspects may be measured to compare surgical procedures, in both clinical trials 
and clinical practice settings.
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INTRODUCTION

Following the development of minimally in-
vasive surgery, measurements of invasiveness have 

become an issue of increasing scientific interest, 
particularly in parallel group trials comparing in-
terventional and surgical treatments, such as lapa-
roscopic and open surgery (1-4). Postoperative pain 

Vol. 40 (3): 330-336,  May - June, 2014

doi: 10.1590/S1677-5538.IBJU.2014.03.06



ibju | CACS SCore

331

correlates with the severity of impairment of bodi-
ly integrity, and hence with the invasiveness of 
surgical interventions. We hypothesize that pain 
and postoperative analgesic consumption (AC) 
constitute non-invasive measurement tools for 
surgical invasiveness when compared with other 
determinants of invasiveness such as inflamma-
tory and immunologic markers (5).

 Evaluation of pain is usually accomplished 
using numerical methods of pain measurement 
such as a visual analog scale (VAS) or a numeric 
rating scale (NRS). These have been widely ac-
cepted as patient-reported outcome (PRO) mea-
surement tools and are commonly used in clinical 
trials and clinical practice settings to assess pain 
intensity (6-8). However, numerous confounding 
factors influence sensations of pain, and no agree-
ment has been reached as to which is the gold 
standard method for assessing pain (9).

 AC is a clinically reported outcome (CRO), 
which can be used as a surrogate parameter for 
postoperative pain (2) and analgesimetry (10,11). 
However, data establishing the validity of AC as a 
CRO in clinical trials on interventional and surgi-
cal treatments are scarce, and no generally appli-
cable scheme has been established to evaluate AC 
(2). Comparisons in postoperative AC are usually 
conducted by counting doses of a defined drug 
(12,13), computed morphine equivalents (14) or 
patient-controlled analgesia (PCA) (15).

 The cumulative analgesic consumption 
score (CACS) was developed in cooperation with 
the Department of Anesthesiology. It integrates a 
classification of AC by potency (qualitative) and by 
dose measurement (quantitative). The qualitative 
assessment is based on a modified version of the 
WHO pain relief ladder (WHO I - III) (16,17), which 
disregards the administration of any adjuvant med-
ications. The quantitative assessment is carried out 
by summing up single administrations, but not in-
dividual doses, of a certain drug. Computed values 
for each WHO category are counted to obtain the 
CACS for an individual patient. As a mathematical 
formula the CACS may be expressed as:

 An adequate timeframe must be defined, 
e.g., postoperative days 1 to 3 after minor surgery 
or postoperative days 1 to 8 after major surgery. 
The index is conceived as an open-ended scale 
that can be used for different timeframes.

MATERIALS AND METHODS

 Informed consent requirements for this ret-
rospective study were approved by the local ethics 
committee and were therefore performed in accor-
dance with the ethical standards laid down in the 
1964 Declaration of Helsinki and its later amend-
ments. The CACS was determined for two cohorts of 
urological and surgical patients (n = 2 x 60). Each 
cohort was split into groups that received surgical 
treatments of different invasiveness from a clinical 
standpoint. Urological patients from group A (UA) 
had received interventions such as the insertion of 
an ureteral stent or a percutaneous nephrostomy 
tube; those of group B (UB) had undergone transure-
thral resection of the bladder or prostate, ureterosco-
py or surgery of the external genitalia; and those of 
group C (UC) (18) had been treated by laparoscopic 
or open surgery of the kidney, bladder or prostate. 
Surgical patients from group A (SA) were those that 
had undergone minor surgery such as appendecto-
my or hernia repair; those of surgical group B (SB) 
were patients who had undergone medium scale sur-
gical interventions such as cholecystectomy or thy-
roidectomy, and those of group C (SC) were patients 
who had undergone major surgery, e.g., hemihepa-
tectomy or rectal resection. The timeframe for CACS 
determination was defined as the first two postop-
erative days, as this was the minimum duration of 
inpatient stay for all patients. Patients received pre-
emptive/baseline and on-demand analgesic medica-
tions, according to standard protocols for medium or 
major surgery, or on-demand medications for minor 
interventions. Based on the WHO pain relief ladder 
(15,16), specified protocols for various surgical pro-
cedures included the following drugs: step 1 (non-
opioids): acetaminophen, ibuprofen or metamizole; 
step 2 (opioids for mild to moderate pain): tramadole, 

Σ = n x step of WHO pain relief ladder
e.g.: 2 x WHO step III + 3 x WHO step II + 5 x WHO step I = 6+6+5 = CACS 17
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tilidine/naloxone; and step 3 (opioids for moderate 
to severe pain): piritramide, pethidine, oxycodone or 
morphine. Patients treated with PCA or regional an-
esthesia and patients on analgesic long-term medi-
cation were excluded from the study.

 All patients were asked to indicate their sub-
jective sense of pain on an NRS (ranging from 0 = 
“no pain” to 10 = “worst possible pain”). Pain was 
assessed three times a day at rest and (if possible) af-
ter mobilization for the first two postoperative days, 
and if the patient expressed extensive pain. NRS and 
CACS scores were retrospectively determined based 
on data obtained from the electronic patient records 
of our department.

 The primary objective of the study was to 
confirm if there were significant differences in CACS 
values between groups SA, SB and SC and between 
groups UA, UB, UC (as assessed by the Kruskal-Wallis 
test and Mann-Whitney test). The secondary objective 
was to confirm if a high correlation existed between 
CACS (objective measurement of analgesic consump-
tion) and NRS values (subjective pain sensation) for 
each group, using Spearman’s rank-correlation test.

RESULTS

 Review of patients’ records enabled retrieval 
of all necessary values, with no missing data.

 CACS values ranged from 0 to 11 (median 
0) for group UA, from 0 to 22 (median 3) for group 
UB, and from 6 to 17 (median 10) for group UC; 
in the surgical cohort, values ranged from 0 to 20 
(median 4) for group SA, from 0 to 38 (median 8) for 
group SB, and from 7 to 68 (median 17) for group 
SC. Statistical analysis confirmed the ability of CACS 
to differentiate reliably between groups involving 
different levels of invasiveness (p-values < 0.001). 
In contrast, this was not true in the same way for 
corresponding mean and peak NRS values for pain 
sensation (p-values ranging from “non significant” 
(NS) to < 0.005) (Table-1).

 Comparison of CACS and peak NRS val-
ues revealed variable correlations, as expressed by 
levels of significance ranging from p < 0.001 for 
UA and UB to p = 0.21 (NS) for UC, and from p < 
0.001 for groups SA and SB to p = 0.34 (NS) for 
group SC (Table-2).

DISCUSSION

 The presented data demonstrate the clini-
cal applicability of a newly developed score to de-
termine postsurgical analgesic consumption. Given 
that pain and AC stand in a close correlation to the 
invasiveness of a specific procedure, our data sug-
gest a stronger correlation between CACS values 

Table 1 - CACS values and corresponding NRS values for pain (urological and surgical patients).

Patient group
(3 x n = 20)

CACS
(median, range)

NRS mean
(median, range)

NRS peak
(median, range)

UA (minor surgery) 0 (0 – 11) 0 (0 – 2.50) 0 (0 – 7)

UB (medium scale surgery) 3.00 (0 – 19) 1.0 (0 – 3.75) 2.0 (0 – 8)

UC (major surgery)
10.0 (6 – 17) 1.83 (0 – 3.15) 4.0 (0 – 6)

P < 0.001 P < 0.005 P < 0.005

SA (minor surgery) 4.0 (0 – 20) 1.25 (1 – 5) 2.0 (1 – 8)

SB (medium scale surgery) 8.0 (0 – 38) 2.83 (0.5 – 6) 4.0 (1 – 10)

SC (major surgery)
17.0 (7 – 68) 3.01 (0 – 9) 6.0 (0 – 10)

P < 0.001 P < 0.1 (n.s.) P < 0.005

CACS values and corresponding NRS values for pain (mean, peak) for different types of urological (yellow field; group UA = minor, group UB = medium, 
group UC = major) and surgical interventions (red field; group SA = minor; group SB = medium; group SC = major) , levels of significance concerning the 
ability to differentiate surgical groups (using Kruskal-Wallis-test)
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(AC) and invasiveness of different urological and 
surgical procedures than NRS pain scores.

 In recent years, considerable efforts have 
been made to further minimize surgical trauma 
and reduce the adverse effects of surgery. Methods 
to determine the impact of different surgical ap-
proaches such as laparoscopic and open surgery 
include inflammatory and immunologic markers 
of invasiveness (5); clinical outcome parameters 
such as hematocrit drop, duration of surgery and 
postoperative pain (3,19); and social indicators 
like time of return to work and to full physical 
activity (20).

Postoperative pain correlates with the se-
verity of impairment of bodily integrity, and hence 
with the invasiveness of surgical interventions, 
with a major impact on surgical site physiologi-
cal function (21,22) and the patient’s functional 
recovery (23).

 However, numerous confounding factors 
influence the sensation of pain and there is no 
agreement regarding the best method of assessing 
pain scores, particularly regarding the timing and 
frequency of scoring, e.g., prescheduled determi-
nation of pain scores (three times a day), recording 
of peak pain levels, or the temporal context of ad-
ministration and type of pain medication (9). Oth-
ers have highlighted the distinction between “pain 
at rest” (PAR) and “movement-evoked pain” (MEP) 
and suggested that both PAR and MEP should be 
measured in postsurgical pain research (24).

 In contrast, AC is a CRO (rather than a 
PRO) and can therefore be used as a surrogate 
parameter for postsurgical pain (2) and hence for 
surgical invasiveness. The CACS depicts AC as 
a non-invasive parameter, unlike the laboratory 
markers mentioned above.

 There is a wealth of literature on AC as a 
method for measuring the analgesic efficacy of 
new drugs and other treatment modalities such as 
nerve blocks and transcutaneous electrical nerve 
stimulation, and for confirmation of new concepts 
such as pre-emptive analgesia (more than 600 trials 
have been performed) (10). However, postsurgical 
AC has been measured only rarely as a secondary 
outcome parameter in clinical trials and literature 
on this topic is scarce. Only one RCT on urolithia-
sis (25) described AC, stating whether “oral pain 
medication was used” and the mean duration of 
use (in days). In other fields, postoperative AC has 
been assessed as the cumulative dose of a specific 
drug (e.g., overall tramadole consumption in mil-
ligrams) (15,26-28). In a systematic review on pre-
dictors of postoperative pain and AC (2), Ip et al. 
identified a total of 42 studies from different surgi-
cal fields. All studies described pain intensity using 
a VAS or an NRS. Twenty-two other studies also 
commented on AC, with all describing cumulative 
doses of one specific drug or computed morphine 
equivalents. Others used a 5- or 7-point scale to 
discriminate between the efficacies of different 
analgesic drugs in the management of bone pain 

Table 2 - Correlation between CACS and peak NRS.

6 x n = 20 patients Spearman's rank correlation coefficient Significance (2-sid.)

UA 0.749 p < 0.001

UB 0.761 p < 0.001

UC 0.303 p = 0.21 (n.s.)

SA 0.797 p < 0.001

SB 0.901 p < 0.001

SC 0.226 p = 0.34 (n.s.)

Correlation between CACS and peak NRS for pain for different types of surgical and urological interventions (groups SA/ UA = minor surgery; groups SB/ UB = medium 
scale surgery; groups SC/UC = major surgery)
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(29,30). These scales were used over a treatment 
period of several months to evaluate the effect 
of bisphosphonates on pain reduction using the 
mean change from baseline to final assessment. 
Only one study describing an “analgesic score 
computed as a product of analgesic type and fre-
quency of administration”, could be identified, 
which had apparently been developed but not 
validated or published by the authors (31).

 However, the use of both pain scores and 
analgesic consumption scores can be associat-
ed with significant potential problems. Indeed, 
numerous confounding factors influence the 
sensation of pain and the demand for medica-
tion, and therefore AC; these include individual 
sensitivity to pain medication, interference of 
non-analgesic effects, and patient and physi-
cian attitudes and behaviors, among others (2). 
An attempt has been made to overcome the co-
variation between pain intensity, AC and ad-
verse drug effects by using a composite measure 
that combines pain intensity ratings and rescue 
medication use into a single score (9). However, 
this “integrated assessment” was proposed for 
use in studies of analgesic efficacy and does not 
seem to be an appropriate tool for assessing the 
postoperative course in clinical studies, because 
of its disproportion.

 In addition to these inherent problems 
concerning pain scores and AC, there are addi-
tional methodological difficulties. Categorizing 
and quantifying the effects of different analge-
sic drugs can result in somewhat constructive 
vagueness. However, we found that the WHO 
pain relief ladder (16,17) simplified the potency-
related classification of analgesic medication.

 The WHO pain relief ladder was primarily 
conceived for use in the management of cancer 
pain relief, but is also used for the management 
of various other types of pain, e.g., postoperative 
analgesia. Because all types of drugs are to be 
considered, individual doses in milligrams can-
not be calculated. However, assuming that single 
or combined administrations of analgesic drugs 
of the respective WHO categories are given at 
adequate doses (specified baseline or on demand 
medication), we hypothesized that the quantity 
(the overall dose of analgesic drugs) could be 

roughly estimated by counting single admin-
istrations of each drug during the pre-defined 
timeframe, and that the computed product of the 
frequency of “adequate” administrated single 
doses and the potency factor (WHO I – III) there-
fore could serve as a semi-quantitative assess-
ment of overall AC.

 The current study suggests a stronger 
correlation between CACS values and invasive-
ness of surgical procedures as compared to pain 
scores. It could be assumed that these findings 
reflect adequate analgesic therapy. This particu-
larly applies to patients who undergo more in-
vasive procedures; in these patients, good pain 
control will lead to lower pain scores in spite of 
higher invasiveness. This is consistent with our 
finding that correlation between CACS and mean 
and peak NRS values was significant in patients 
with minor or medium scale surgery but not in 
those who had major surgery. These data suggest 
that the CACS is a superior surrogate parameter 
to pain scores alone for measurement of the in-
vasiveness of and pain after surgical procedures.

 It is of note that in the setting of a spe-
cific study that will use CACS an appropriate 
time frame has to be defined in the study pro-
tocol (e.g. 2 days when comparing shock wave 
lithotripsy and ureteroscopy for stone therapy or 
7 days when comparing laparoscopy and open 
surgery for prostate cancer).

 Here, we intended to develop an easy-
to-use score that could be applied in everyday 
clinical practice (e.g., if used as a secondary out-
come parameter in clinical studies without spec-
ified analgesic regimens). Therefore, all available 
analgesic drugs had to be categorized using a 
simple system; the WHO pain relief ladder is a 
well-known and easily handled tool that can be 
used for this purpose.

 This study had some limitations. The data 
where acquired retrospectively and the study in-
cluded a rather small number of patients. How-
ever, taking into account that to date most clini-
cal studies are of retrospective design, it may be 
assumed that the new score will most likely be 
applied in such a setting. In addition, for reasons 
described above, global scores are somewhat inac-
curate. Furthermore, adjuvant medications (e.g., 
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antidepressants, steroids) cannot be included 
in the CACS. PCA and other types of analgesic 
treatments, such as postoperative epidural anal-
gesia, can be included in the score but were not 
considered in this study. It may be argued that 
patients on analgesic long-term medication will 
confound results of future clinical trials using 
CACS. This may be avoided by a prospective ran-
domized design of high impact studies.

 We believe that AC should be recorded as 
a clinical parameter to further describe patients’ 
well-being after interventional or surgical therapies. 
Pain scores (as PROs) should be supplemented by 
related CROs (such as AC). The CACS can be used 
by clinical scientists to compare different surgical 
and interventional therapies (and even medical/on-
cological treatments) with respect to AC as a surro-
gate parameter for pain and invasiveness (surgical) 
or treatment success (medical/ oncological).

 In summary, the CACS can be used to de-
scribe AC in many different clinical settings. It 
provides a semi-quantitative assessment of overall 
AC within a defined period of time, and as such 
can be used as a surrogate parameter for pain and 
the invasiveness of surgical procedures. Express-
ing AC as a figure on an open-ended scale will 
provide easy-to-use information to clinical scien-
tists and treating physicians.

ABBREVIATIONS

AC = analgesic consumption
CACS = cumulative analgesic consumption score
CRO = clinically reported outcomes
NRS = numeric rating scale
PCA = patient-controlled analgesia
PRO = patient-reported outcomes
SA = surgical patients from group A
SB = surgical patients from group B
SC = surgical patients from group C
UA = urological patients from group A
UB = urological patients from group B
UC = urological patients from group C
VAS = visual analog scale
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