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Abstract
Background: Venous thromboembolism (VTE) is an important cause of post-surgical morbidity and mortality. This
study aimed to apply a validated risk assessment model to evaluate the risk of post-operative VTE in urology patients.
Methods: This prospective descriptive observational study used the Caprini risk assessment model to evaluate VTE
risk in patients planned for elective urology surgery at a tertiary Johannesburg hospital from January to June 2020.
Results: Two hundred and twenty-six patients with a mean age of 52 years were evaluated for post-operative VTE
risk. The population was generally overweight, with a mean BMI of 26.3 kg/m2. The mean Caprini score was 4.42,
reflecting a population at high risk for post-operative VTE. There was no statistically significant difference between
males and females in this regard. On average, participants had three risk factors for post-operative VTE. Fifteen per
cent of all patients were at low risk for VTE, while 40.3% of participants were categorised as moderate risk. The category with the highest percentage of participants (44.7%) was the high-risk category (Caprini score ≥ 5). High-risk
patients undergoing oncology surgery comprised 16.8% of the population, and these patients may require extended
duration pharmacological thromboprophylaxis to prevent VTE. The most clinically significant risk factors for post-operative VTE included age, obesity, malignancy and HIV infection.
Conclusion: Venous thromboembolism may be difficult to diagnose, and clinicians may underestimate the risk for it
to develop. Risk assessment models, such as the Caprini score, are objective and a practical tool to guide the application of thromboprophylaxis. The application of the Caprini RAM in the elective urological surgery population at Chris
Hani Baragwanath Academic Hospital yields similar results to studies performed elsewhere on similar surgical populations. Further research is required to evaluate whether the actual incidence of VTE correlates with the risk assessment
in this population. Clinician compliance with the use of RAMs as well as the corresponding recommendations for
prophylaxis may need to be evaluated. A validated risk assessment model which accounts for procedure-specific risks
in urology may be useful.
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1 Background
In 1856, Rudolph Virchow established the foundations
upon which modern understanding of venous thromboembolism is based. Although his description of hypercoagulability, stasis and endothelial damage appears
to originate from his work on the consequences rather
than the origins of pulmonary embolism, it has become
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popularised as ‘Virchow’s Triad’—the pathological basis
for the development of thrombosis and emboli [1].
Venous thromboembolism (VTE) is a collective term
encompassing deep vein thrombosis and pulmonary
embolism. Although it may occur elsewhere, deep vein
thrombosis (DVT) usually refers to the development
of a thrombus in the deep veins of the lower limbs. The
thrombus commonly originates in the calf (calf DVT)
and may extend proximally (proximal DVT). Symptoms of DVT typically occur once the proximal veins are
involved. Thrombi may embolise to cause a pulmonary
embolism (PE). Both DVT and PE may be asymptomatic
or symptomatic and may occur as a first episode or as a
recurrence [2, 3].

Fig. 1 2005 Caprini risk assessment model [5]
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In 2005, Dr Joseph A Caprini published a risk assessment model (RAM) to evaluate an individual’s risk for
post-operative VTE (Fig. 1 and Table 1). The 9th edition
of the American College of Chest Physicians’ (ACCP)
“CHEST” guidelines on non-orthopaedic VTE (2012)

Table 1 Risk of post-operative VTE according to Caprini score [5]
Caprini score

Risk level

0–1

Low risk

2

Moderate risk

3–4

High

5 or more

Highest
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recommends the use of the 2005 Caprini RAM for VTE
risk assessment [4].
Since VTE is an important preventable cause of postsurgical morbidity and mortality, this study aimed to
investigate the most prevalent risk factors for VTE, as
well as the overall VTE risk in South African patients
undergoing elective urological surgery.

2 Methods
The purpose of this study was to evaluate the risk of postoperative VTE in patients undergoing surgery for urological disease in an African hospital environment and to
determine the most prevalent risk factors for VTE in this
population. This prospective, descriptive observational
study was conducted at Chris Hani Baragwanath Academic Hospital (CHBAH) in Soweto, Gauteng Province,
South Africa.
The study population included adult patients planned
for elective urology surgery from January–June 2020.
Patients planned for day surgery under local anaesthetic
were excluded, as were patients already on therapeutic anticoagulation. Convenience sampling was applied
to the above population to evaluate the baseline risk for
venous thromboembolism. The patients were all evaluated pre-operatively using the 2005 Caprini RAM. The
risk of bias was low, given that patient admission dates
are independent of surgical procedure or demographics,
and therefore independent of risk factors for VTE.
Clinical endpoints evaluated included the following:
patient age and gender, proposed surgery, risk factors for
VTE (as per Caprini 2005 RAM, Fig. 1) and total Caprini
score and risk level (Table 1).
2.1 Ethics approval and consent to participate

Information was collected by interviewing/examining
patients and reviewing available clinical records. Written
informed consent from study participants was obtained.
This study was approved by the University of Witwatersrand Human Research Ethics Committee (protocol
no: M191175). Permission for the study was obtained
from the relevant clinical head of department and the
CHBAH chief executive officer. No identifying personal
particulars of participants were collected, and all records
are kept secure by the investigator.

3 Data analysis
Data were recorded in an Excel datasheet and imported
into STATA version 14 (Stata Corp, 2018) statistical
software and coded into numbers for subsequent analysis. The analysis was done using a stepwise approach—
descriptive statistics in the form of frequency tables and
graphs, followed by Chi-square tests on independence
between two variables and Spearman’s correlation to test
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for associations between risk factors and demographics.
Analysis was done using STATA software and at a 95%
confidence interval with a 5% significance.

4 Results
4.1 Demographic and anthropometric findings

The study results describe the risk profile for VTE in 226
adult patients (163 male; 63 female) planned for elective surgical admission to the urology unit at Chris Hani
Baragwanath Academic Hospital from January 2020 to
June 2020. The youngest participant was 18 years of age,
while the oldest was 86 years. The mean age of participants was 52.12, with a normal distribution above and
below the mean (SD = 16.3).
The mean BMI of the participants was 26.3 kg/m2
(SD = 6.7), which ranged from 21.8 (IQR: 25%) to 30.1
(IQR:75%). Patients in this sample are generally overweight [6]. Proportionally, male participants were slightly
more likely to have a healthy BMI of 19–24.9 kg/m2
(39.3%) compared to females (30.2%).
4.2 Planned surgery

As per the Caprini RAM, major surgery was defined as
a procedure estimated to last longer than 45 min, while
minor surgery would last less than 45 min. Overall, the
precise nature of surgery in the sample population varied widely. As a result, the prevalence of many operations
was very low and not further statistically analysed. Of the
226 urology patients planned for elective surgery in this
sample, 83% were not planned to undergo surgery for
non-cancerous conditions, with 17% planned for oncology surgery. 31% underwent open major surgery, 9% had
open minor surgery, 38% had endoscopic major surgery,
and 22% endoscopic minor surgery.
4.3 Total Caprini Score

Figure 1 demonstrates the Caprini RAM. Risk factors are
weighted according to their odds ratios for contributing
to VTE—falling in categories which contribute either 1,
2, 3 or 5 points to the patients score. Based on the frequency and weighting of risk factors, Fig. 2 reveals the
mean contribution for each category towards the total
Caprini score in this population. The mean Caprini
score was 4.42, reflecting a population at high risk for
post-operative VTE. The mean score was slightly higher
for female (4.47, SD = 1.79) compared to male (4.39,
SD = 1.8) patients. This difference is not statistically significant at 5% level.
The mean total Caprini score was 6.71 for patients
planned to undergo oncology surgery, and lower
(mean = 3.93) for patients undergoing non-oncology surgery. This difference is slightly more than the expected
additional two points that every oncology patient garners
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DISTRIBUTION OF VTE RISK LEVEL
High Risk &
Oncology surgery
16,81%

Low Risk 15,04%

High Risk 27,88%
Moderate Risk
40,27%

Fig. 2 Mean contribution from each risk factor category and total
Caprini score in the sample population
Fig. 3 Risk level for VTE within the sample population

for malignancy itself as a risk factor, according to the
RAM.
4.4 Number of risk factors per person

All patients had at least one risk factor—planned surgery.
If surgery is excluded, 8.8% of patients had no additional
risk factors, while 21.6% had only one additional risk factor. The most frequent number of additional risk factors
per person was two (35.4%), while a third of participants
(33.6%) had three or more additional risk factors. The
mean number of additional risk factors per participant
was 3.06, when excluding surgery as a risk factor.
4.5 Calculated VTE risk

The Caprini RAM infers whether a patient is at low, moderate or high risk for VTE based on the patients total
Caprini score (Table 1). Additionally, the ACCP guideline for VTE prophylaxis recommends extended duration
prophylaxis for high-risk patients undergoing oncology
surgery, and these patients are therefore categorised separately in this study. Figure 3 demonstrates the distribution of risk for VTE in the study population.
4.6 Sub‑stratification of high‑risk patients

In this study, nearly a third (29.2%) of all participants had
a high-risk score of 5–6. More than a tenth of the population (13.7%) had a high-risk score of 7–8, while only 1.8%
had a score of more than 8.
4.7 Most clinically significant risk factors

Figure 4 demonstrates the ten risk factors in the population, which most significantly contribute to the total
Caprini score. Since risk factors are weighted differently,
clinical significance is inferred by the frequency with
which these risk factors occurred, multiplied by their
weighting in the risk assessment model. From this list,
the potentially modifiable risk factors are obesity, HIV

infection, varicose veins and swollen legs. Malignancy is
not considered to be a modifiable risk factor since many
of the patients with this risk factor were presenting for
surgery for that same malignancy.

5 Discussion
Venous thromboembolic disease is often asymptomatic,
may be difficult to diagnose, and in the case of pulmonary embolism, may present as sudden death. Hence,
determining the incidence of VTE in the general population can be challenging, and it is usually underestimated
[7]. Despite this, VTE remains, statistically, the third
most common cardiovascular disease after myocardial
infarction and stroke [3, 8].
The VTE impact assessment group in Europe (VITAE)
found that 56% of DVT and 70% of PE were hospital
acquired. Seventy-one per cent of VTE-related deaths
were hospital acquired. However, only 7% of all deaths
occurred in patients already diagnosed with disease [9],
which is an affirmation of the significance of VTE as a
preventable cause of hospital deaths, and the importance
of risk assessment and prophylaxis. The 1-month mortality is around 6% for DVT and 12% for PE [10]. The
3-month all-cause mortality from PE ranges between 8.3
and 17% [8]. PE is the most common cause of preventable
death in hospital inpatients (10%) [11]. There are approximately 150,000–200,000 VTE-related annual deaths in
the USA. Of these, about 1/3 involves disease acquired
post-surgery [4]. In Canada, about 20% of VTE is associated with surgery within 3 months [12]. Around 64% of
hospitalised surgical patients are at risk [8].
There is a paucity of literature evaluating the risks of
VTE in African and South African hospital populations,
and there are no large-scale studies based on the general
population. A 2017 systematic review estimated the risk
of DVT post-surgery in Africa as between 2.4 and 9.6%,
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Ten most significant contributors to total Caprini score (frequency x weighng)
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age >75

Risk factor

HIV infecon
minor surgery planned
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major surgery planned
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Fig. 4 Most clinically significant risk factors in the sample population considering frequency and weighting

with the lowest risk identified in a sub-Saharan population. Limited data exists on the risk of PE following surgery in Africa [13].
There are significant healthcare costs derived from
the diagnosis and management of a primary VTE, but
also from complications such as post-thrombotic syndrome (approximately 33–50%), pulmonary hypertension (4–5%) and VTE recurrence [8, 9]. More than half
of patients have chronic complications 4 years after a pulmonary embolism. [8]. Based on the incidence, the difficulty in diagnosis, and the impact with regard to quality
of life and healthcare costs, multiple public health institutes have identified VTE disease as an important public
health concern. VTE requires increased patient and clinician awareness, research on prevention, and implementation of evidence-based policies for risk assessment and
prevention [7].
5.1 Validation of the Caprini RAM

The risk assessment model has been validated for use
in general, vascular and urologic surgery [14], plastic
and reconstructive surgery [15], otolaryngology surgery
[16], surgical critical care [17] and thyroid and parathyroid surgery [18]. However, it is still criticised for failing
to discriminate well between different types of surgery.
Newer versions of the Caprini RAM exist, but these have
not yet been as extensively validated.
Some validation studies have included post-urological
surgery patients within mixed surgical populations. In
one study specifically evaluating individual’s post-robotassisted radical prostatectomy, VTE was found in 1.4% of

the population, and the use of the Caprini RAM was supported. Specifically, a score of 6 or more was predictive
of VTE [19]. However, another study reporting on procedure-specific VTE risk has criticised the Caprini RAM
for failing to adequately discriminate the risk between
different types of urological surgery [20].
In 2017, Pannuci et al. published a meta-analysis of
13 studies investigating the benefits and risks associated
with pharmacological thromboprophylaxis based on a
2005 Caprini risk stratification. The study found that the
risk of VTE in patients with a score of 3–4 was 0.7%. This
increased to 1.8% for scores of 5–6 and 4% for scores of
7–8. A Caprini score of > 8 was associated with a 10.7%
incidence of VTE. The risk reduction for VTE in patients
with scores of 7–8 or > 8 was significant (odds ratios 0.6
and 0.4, respectively). There was no significant reduction
in risk among patients with scores of 6 or lower, and the
risk of bleeding was increased in all patients [21]. This
appears to support the use of the Caprini model for risk
stratification, and supports the adoption of individualised
approaches to pharmacological thromboprophylaxis.
5.2 The risk of post‑operative venous thromboembolism

This study intended to determine the risk level for VTE in
patients undergoing elective urology surgery at CHBAH,
using the Caprini RAM. The mean Caprini score of 4.42
describes a population that is generally at high risk for
developing post-operative VTE (Table 2).
This study demonstrates that urology patients undergoing non-oncology surgery are on average, at moderate
risk for post-operative VTE. On the other hand, urology
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Table 2 Probability (%) of different risk categories for VTE in this population compared with other studied populations
Publication
This study*

Surgical population

Very low risk (0)

Low risk (1–2)

Moderate
risk (3–4)

High risk (≥ 5)

Urology elective surgery

0.0

15.04

40.27

44.69

Urology oncology surgery

0.0

0.0

2.56

97.44

Urology non-oncology surgery

0.0

18.18

48.13

33.69

McAlpine et al. [20]

Urology major abdominal or pelvic surgery

0.01

0.82

8.87

90.29

Bahl et al. [14]

General, vascular and urology surgery

Barber et al. [22]

Gynaecology oncology surgery

Snyman et al. [23]*

11.37a

36.53

52.11

0.1

2.98

96.92

Elective Gynaecology surgery

17a

38

45

Jacobson et al. (2014)*

Unspecified surgical inpatients

20.3a

15

43.7

Macht et al. [18]

Thyroid and parathyroid surgery

72a

26

2

Shuman et al. [16]

Otolaryngology surgery

11.4a

31

57

Bilgi et al. [24]

Elective and emergency general surgery

28.2a

29.5

42.2

0.0

*South African data
a

These studies made use of risk-level terminology that differs from the ACCP guideline. Hence, low and very low risk categories are combined to align the categories
with the equivalents from other studies

patients undergoing oncology surgery are at high risk
for post-operative VTE, due to active malignancy and
because they are likely to be older.
5.3 Recommendations for thromboprophylaxis in urology

The American Urological Association (AUA) found insufficient high-quality evidence to issue a formal guideline
regarding thromboprophylaxis. Their 2008 best practice
statement adopted a risk assessment model published by
Geerts et al., which categorised patients into low, moderate, high or very high risk. This was based on age, major
versus minor surgery, and the presence of additional risk
factors. General recommendations were made for the use
of mechanical and/or pharmacological thromboprophylaxis based on these risk levels. Recommendations for
different categories of surgery were also made. Additionally, limited recommendations were made regarding
extended duration prophylaxis [25].
The European Association of urology (EAU) published
a guideline in March 2017, primarily based on the findings of the Risk of Thrombosis and Bleeding in Urological Surgery (ROTBUS) systematic review. They made use
of an un-validated risk assessment model. A number of
procedure-specific recommendations were made, but all
are based on low or very low quality supporting evidence.
Recommendations were based on initiation of prophylaxis the day after surgery, and weeks was the recommended duration for pharmacologic prophylaxis [26].
No other society has developed guidelines for thromboprophylaxis specific to urology. Other important international VTE guidelines, however, may be applicable to
patients undergoing urological surgery. These include
those developed by the American College of Chest

Physicians (ACCP), National Institute for Health and
Care Excellence (NICE), National Comprehensive Cancer Network (NCCN), German Association of Scientific
Medical Societies (AWMF) and the Australian National
Health and Medical Research Council (AMH-MRC) [27].
For the purpose of this study, the ACCP guideline for
non-orthopaedic surgical patients was used to determine
the need for thromboprophylaxis, specifically the recommendations for patients undergoing general and abdomino-pelvic surgery. This publication explicitly includes
urology patients in this category. The Caprini RAM is
used, and recommendations are made based upon the
results [4].
It should be noted that the terminology used to
describe risk levels differs between the original 2005
Caprini RAM and the ACCP guideline. For the purposes
of this study, the ACCP terminology was used.
Data from this study suggest that most patients undergoing elective urology surgery at CHBAH (85%) are at
moderate or high risk for VTE and therefore may require
pharmacological prophylaxis, depending on their risk of
bleeding. The remaining patients should ideally be prescribed mechanical prophylaxis in the post-operative
period. The total absence of ‘very low risk’ patients in this
population is due to every patient scoring at least one
point on the Caprini RAM for planned elective surgery.
Guidelines recommend that when feasible, early postoperative ambulation is standard of care for all patients
for VTE prevention [4, 11]. Other mechanical and
pharmacological methods are recommended based on
patients’ risk profiles. The ACCP recommendations
(Table 3) for prophylaxis are based on the estimated risk
of developing post-operative VTE in the absence of any
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Table 3 Risk levels for VTE and recommended prophylaxis as per ACCP [4]
Risk level

Caprini score

Recommended thromboprophylaxis

Need for prophylaxis in
elective urology patients at
CHBAH (%)

Very low

0

Early ambulation

0

Low

1–2

Mechanical prophylaxis: intermittent pneumatic compression (IPC) preferred over elastic stockings (ES)

15.04

Moderate

3–4

No high risk for major bleeding
40.27
Low molecular weight heparin (LMWH) or low-dose unfractionated heparin
(LDUH) or mechanical prophylaxis
High risk for major bleeding
Mechanical prophylaxis

High

≥5

No high risk for major bleeding
LMWH or LDUH in addition to mechanical prophylaxis
High risk for major bleeding
Mechanical prophylaxis
LMWH or LDUH once risk of bleeding subsides

27.88

No high risk for major bleeding: LMWH or LDUH in addition to mechanical
prophylaxis. Consider extended duration pharmacologic thromboprophylaxis
for 4 weeks

16.81

High with abdomino≥5
pelvic oncology surgery

prophylaxis for general, urology and vascular surgery
patients: low risk 1.5%; moderate risk 3%; and high risk
6% [4].
5.4 Risk of bleeding

Pharmacological thromboprophylaxis represents an
increase in the risk of major post-operative bleeding of
approximately 50% [4]. The treating clinician must therefore weigh up the risk of post-operative bleeding in comparison with the risk of post-operative VTE. This study
assessed patients pre-operatively, and thus the risk of
bleeding was not determined, as this is conventionally
evaluated at the time of surgery.
The ACCP defines a “high risk for major bleeding” as
a 2% risk of post-operative bleeding. This is specific to
the nature of the surgery. Patients are also considered to
have a high bleeding risk if the consequences of bleeding would be particularly severe—for example following
spinal surgery. In addition, clinicians should consider
patient factors such as thrombocytopaenia or any other
coagulopathy, renal or liver failure, uncontrolled hypertension, prior heparin induced thrombocytopaenia, or a
prior history of bleeding associated with surgery [4, 28].
5.5 Venous thromboembolism and bleeding in urology
surgery

Sixty per cent of the sample population at CHBAH were
planned to undergo endoscopic surgery, with the remaining patients undergoing open surgery. This may result
in an overestimation of the risk of VTE according to the
Caprini RAM as the endoscopic procedure may represent a lesser surgical insult. While some validation studies have included urological patients along with general

surgical patients [14], and other studies have validated
the RAM for a specific urological procedure [19], no
study validating the use of the Caprini RAM in a heterogeneous, but exclusively urological population yet exists.
The 2005 Caprini RAM does not distinguish between
endoscopic and open surgery—only between minor
and major surgery according to duration. However, the
majority (62.5%) of urological endoscopic procedures
at CHBAH are major procedures lasting longer than
45 min. Therefore, these procedures still incur a significant risk for the development of VTE on account of
venous stasis due to immobility, calf muscle paralysis,
venous over-distension and surgical insult producing
endothelial damage, as well as hypercoagulability due to
surgical stress.
In addition, urological endoscopic procedures are
almost always performed in the lithotomy position,
which when compared with the supine position, reduces
lower extremity venous blood flow by up to 40%, even
when pneumatic compression devices are used [29].
The @RISTOS study prospectively evaluated the incidence of VTE in patients undergoing urologic surgery
for cancer. The incidence of post-operative bleeding was
17.1% in those who received pharmacological prophylaxis compared to 5.7% in those who did not. The incidence of symptomatic VTE was 0.87%, which was lower
than the gynaecological and general surgical populations
(2–2.1%) evaluated, primarily on account of the greater
proportion of endoscopic procedures performed in urology. Other favourable factors in urology patients included
more procedures performed under regional anaesthesia,
procedures less than two hours in duration, and a lesser
frequency of advanced cancer [30].
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Clemént et al. assessed the incidence of asymptomatic
and symptomatic VTE in cancer patients after radical/
partial nephrectomy, radical cystectomy and radical
prostatectomy. Radical cystectomy was found to pose
a significantly higher risk for early post-operative VTE
when compared to the other procedures [31]. Alberts
et al. found the incidence of VTE post-urology surgery
for cancer to be 1.4% at 30 days. They confirmed that
radical cystectomy represents the greatest risk for VTE
and that minimally invasive surgery lowered the risk.
The strongest factors associated with the development of
VTE were BMI > 30 kg/m2, prolonged surgical time, radical cystectomy and metastatic cancer [32].
The ROTBUS systematic review analysed the risk of
VTE and bleeding following urologic surgery. For cancer surgery, radical cystectomy represented a risk for
four weeks post-operative VTE of 2.6–11.6% regardless
of the patient’s baseline risk, but was associated with a
low risk of bleeding (0.3%). The risk for VTE after radical prostatectomy ranged from 0.2 to 15.7%, with the
highest incidence of VTE among those undergoing pelvic lymphadenectomy. Robotic and laparoscopic procedures were found to have a lower risk for thrombosis
when compared to open prostatectomy. The overall risk
of bleeding following prostatectomy was low. Kidney
surgery for cancer was found to represent a risk for VTE
in 0.7–11.6% of patients, with the greatest risk in those
patients with a baseline high risk for VTE. For kidney
surgery, the risk of bleeding was 0.1–2%. The risk for
VTE after radical penectomy with inguinal lymph node
dissection was 0.8–3.1% [33, 34].
Taking the above into account, the greatest benefit for
thromboprophylaxis, when assessing the risk of bleeding
versus the risk for VTE in open urological cancer surgery,
appears to be in patients following radical cystectomy or
open radical prostatectomy.
For non-cancer urological surgery, ROTBUS found
that good quality evidence for procedure-specific risks of
VTE and bleeding was lacking. The study suggested that
the net benefit for thromboprophylaxis appeared greater
for some procedures such as renal transplantation, but
that the risk of bleeding may outweigh the risk of VTE
for certain procedures such as transurethral resection of
the prostate (TURP) [35]. VTE rates post-TURP are generally low (0–0.4%), and the procedure is associated with
post-operative bleeding [36].
TURP was a frequently planned surgery among the
sample population at CHBAH (11.1%), and these patients
require careful consideration for thromboprophylaxis
based on their Caprini score, and the clinicians perceived
risk of post-operative bleeding.
The ROTBUS study also found that around 50% of
major post-operative bleeds occur between surgery and
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the following morning. The majority (90%) of bleeds
occur within four days. The risk of VTE, however, was
consistently elevated during the first four weeks following surgery [34, 35]. The net benefit of prophylaxis, therefore, may be greater a few days after surgery. This may aid
a clinician’s decision to delay post-operative prophylaxis
in procedures with a high bleeding risk, and/or to continue prophylaxis for an extended duration.
Despite the relatively lower overall incidence of VTE
in urology patients, the mortality for symptomatic VTE
is around 58%. The rates of clinical and subclinical VTE
after radical cystectomy are among the highest of any
type of surgery [30, 36]. Hence, post-operative VTE
should be considered an important preventable cause of
death following urologic surgery.
Among observational studies evaluating the risks of
thrombosis and bleeding, the usage and duration of
thromboprophylaxis varied widely. Reporting on thromboprophylaxis use was also inconsistent. Nevertheless,
the analysis of baseline risk and procedure-specific risk
may assist clinicians in decision-making. It is clear that
the population undergoing urologic surgery is highly heterogeneous and further high-quality evidence is needed
to evaluate procedure-specific risks.
5.6 Sub‑stratification of high‑risk patients

The original Caprini model categorised all patients with
scores of 5 or more at the same risk level. Subsequent
validation studies demonstrated that the risk of VTE
continues to increase with cumulative score within this
high-risk category. In particular, statistically significant
differences were noted in these studies between patients
with scores of 5–6, 7–8 and > 8. Bahl et al. studied general, vascular and urological surgery patients, finding that
the 70.4% of their high-risk patients had scores of 5–6,
while 23.5% had scores of 7–8 and 6.1% had scores of 9 or
more. When they further analysed the incidence of VTE
in their population they found that the incidence of VTE
roughly doubled from each of these categories to the next
(1.3% vs 2.6% vs 6.5%) [14]. Consequently, these categories are recognised as separate entities in most current
applications of the RAM. Different authors appear to use
different terminology when naming these categories, i.e.,
low risk, moderate risk, high risk, highest risk, superhigh risk [14, 15, 17]. As such, describing these groups by
the actual numerical Caprini scores may be preferred.
Among patients undergoing elective urology surgery
at CHBAH, 45% of the population were considered high
risk for post-operative VTE (Caprini score ≥ 5). If one
was to sub-stratify this high-risk population (n = 101),
65% had scores of 5–6, while 31% had scores of 7–8
and only 4% scored 9 or more. Since more than a third
of high-risk patients at CHBAH may have a greater than
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expected risk of VTE, it is clear that clinicians should not
only consider the risk level of the patient, but also the
total Caprini score. Although different sub-categories of
high-risk patients have thromboprophylaxis applied in
the same manner according to guidelines, the accelerated risk of VTE with an increase in Caprini score may
alter a clinician’s decision, when weighing up the benefit
of anticoagulation with the risk of bleeding. In addition,
high-risk patients with higher total Caprini scores may be
considered for extended duration thromboprophylaxis.
5.7 Extended duration thromboprophylaxis

Extended duration thromboprophylaxis is not routinely
practiced at the urology unit at CHBAH. Seventeen
per cent of urology patients at CHBAH were scored
as high risk for VTE while also undergoing surgery for
cancer. The evidence suggests that these patients may
benefit from extended duration pharmacological thromboprophylaxis. More than 50% of VTE post-surgery
occurs after discharge [35, 37]. Hence, the appropriate
duration for post-operative pharmacological thromboprophylaxis is questioned.
A South African guideline recommends that in general,
where indicated, low molecular weight heparin (LMWH)
should be continued post-surgery until the patient is
fully mobile. In high-risk patients a total of seven to ten
days of prophylaxis is recommended. For patients undergoing major cancer surgery, five weeks of therapy is
recommended, whereas hip and knee surgery has recommendations of five and two weeks, respectively [11].
The ACCP reviewed four studies on extended duration prophylaxis, finding that its use in high-risk patients
reduced the incidence of non-fatal VTE at three months
from 1.7 to 0.4%, without any significant increase in
the risk of bleeding. The quality of evidence for cancer
surgery was stronger. It is recommended that patients
undergoing general/abdomino-pelvic surgery for cancer, who stratify as high risk, should receive four weeks
(extended duration) thromboprophylaxis, provided that
such patients are not high risk for bleeding [4]. Kukreja
et al. analysed the benefits of in patients undergoing
major urologic surgery for cancer. More than 50% of
VTEs occurred after discharge. They confirmed that
four-week EDP is safe and effective in preventing postdischarge VTE in high-risk patients [38]. The American
Urological Association recommends that selected very
high-risk patients may be considered for post-discharge
thromboprophylaxis with either LMWH or warfarin.
However, specific recommendations do not exist [25].
The European Association of Urology also recommends
four weeks as the optimal duration for thromboprophylaxis [26]. The primary concerns regarding extended
duration prophylaxis are the additional cost incurred
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and the patients’ ability to self-administer injectable
anticoagulants.
5.8 Risk factors for VTE

Multiple risk factors have been identified as playing a role
in the development and progression of VTE, and evidence suggests that the number of risk factors present in
an individual correlates with an increase in the likelihood
of VTE developing. It has previously been shown that
the proportion of patients with objective confirmation of
DVT increases with the number of individual risk factors
present [39].
The elective urology surgical population at CHBAH
had an average of 4.06 risk factors for VTE per person
(including surgery as a risk factor). The vast majority of
patients (90.7%) had multiple risk factors. The most frequent risk factors for potential VTE in this population
were surgery (100%), age (70.35%), obesity (52.87%),
past or present malignancy (22.12%) and HIV infection
(21.68%). When accounting for the different weighting
of these risk factors on the Caprini RAM, they were also
most significant contributors to the total Caprini score.
Hence, these are the five most clinically significant risk
factors for VTE in this study population. Of these risk
factors, only an elevated BMI and HIV are potentially
modifiable risk factors.
A study conducted on gynaecological patients in South
Africa mirrored the results of this current study, finding
that the most frequent risk factors for VTE were surgery,
elevated BMI and age [23].
5.8.1 Major surgery

Major surgery has been described in the literature as a
strong risk factor for VTE, with an odds ratio > 10 [40].
The population in this study was, by definition, planned
for elective surgery. Hence, major surgery, defined as
surgery lasting more than 45 min, was the most prevalent risk factor for VTE (67.7%). A significant proportion
of the patients in the sample population were undergoing endoscopic major surgery rather than open surgery.
While endoscopic surgery may represent a lower risk for
VTE, the difference is not distinguished in the ACCP
guideline or the Caprini RAM.
Surgery-related DVT often begins intra-operatively,
and may resolve spontaneously by 72 h. The risk of developing post-operative VTE is the highest within the first
two weeks, and in particular, the risk for fatal pulmonary
embolism is the highest from day three to seven. However, VTE risk remains elevated for at least two to three
months [2]. Surgery-related VTE is multifactorial and
involves all three components of Virchow’s triad. Anaesthetic muscle relaxation, immobility and surgical position may contribute to venous stasis in the lower limb,
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particularly in the region of valves or venous sinuses.
Endothelial injury during surgery may result in fibrin
deposition in these low-flow areas. Hypoxia, inflammation and changes in haematocrit may result in downregulation of anti-thrombotic proteins, resulting in a
hypercoagulable state [41].
5.8.2 Age

The risk of VTE rises considerably with age. In particular,
persons over the age of 40 are at an increased risk, and
this risk appears to double with each decade [40]. The
reasons for this are multiple. Older individuals have been
shown to have elevated serum levels of prothrombotic
proteins. They are also more likely to have other illnesses
(such as cancer) and they are likely to have more frequent
infections. Relative immobility is also a contributing factor [41].
The median age of the general population in Gauteng
Province is around 28 [42]. At CHBAH, both the median
and mean age for persons undergoing urology surgery in
this study was 52, suggesting a normally distributed, relatively older surgical population. With 70% of the population over the age of 40, the majority of patients studied
have a baseline risk for VTE-based purely on their age.
Older persons in this study generally scored higher on
the Caprini RAM, and thus had a greater number of individual risk factors. Oncology surgery was also more likely
to be performed on older individuals. Age, while nonmodifiable, is a significant risk factor for VTE among
patients undergoing urology surgery.
5.8.3 Overweight and obesity

The 2005 Caprini RAM adds 1 point for all persons with
a BMI greater than 25 kg/m2 and the term “obesity” is
used to describe these patients. Subsequent versions of
the Caprini RAM consider class III obesity as an independent, more strongly weighted risk factor for VTE.
This has not been extensively validated yet [5, 43].
For the purpose of this study, the following generally accepted classification has been used: overweight
is defined as a BMI between 25.0 and 29.9 kg/m2, while
class I obesity is a BMI of 30.0 to 34.9 kg/m2, class II obesity a BMI of 35.0 to 39.9 kg/m2, and class III obesity is a
BMI ≥ 40 kg/m2 [6]. Being overweight was the most prevalent modifiable risk factor for VTE in the studied population. The majority (57%) of patients were overweight,
and the average BMI was 26.3. Older patients and females
were more likely to be obese. In 2008, the mean BMI for
the general South African population was estimated to be
26.9 kg/m2 for males, and 29.5 kg/m2 for females. These
are both higher than the global averages [44].
Overweight individuals may have elevated levels
of clotting factors VIII and IX, which may contribute
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to the increased risk of thrombosis, but the risk of VTE
associated with obesity remains, even after adjustment
for clotting factor levels [41]. The prothrombotic state
seen in these individuals has been attributed to genetic
predisposition as well as a pro-inflammatory state as a
result of insulin resistance and oxidative stress [45]. The
association between VTE and a raised BMI, however
appears to be weak, with odds ratios generally below
two [40, 45]. A criticism of the use of BMI as a marker
for obesity are that other anthropometric measurements
such as waist circumference may be better markers for
the prediction of cardiovascular disease. BMI may also
not correlate with body fat percentage in certain age and
race groups [45].
As one of the few common, modifiable risk factors in
the population at CHBAH, clinicians should, when possible, encourage patients to implement appropriate lifestyle
interventions in order to achieve a healthier BMI prior to
elective surgery.
5.8.4 Malignancy

Cancer is generally associated with a fourfold increase in
the risk of VTE [46]. Tumours shed microparticles which
have procoagulant properties. In addition, tumours may
cause compression of blood vessels resulting in venous
stasis. Oncology patients may also undergo surgery or
chemotherapy which increases the risk for VTE, and
progression of malignant disease may be associated with
relative immobility [41].
Among patients undergoing elective urology surgery at
CHBAH, 17% were undergoing surgery for active malignancy and overall, 22% of patients had a past or present
history of cancer. Even when correcting for active malignancy, oncology patients at CHBAH had higher mean
Caprini scores than non-oncology patients.
Clinicians should take particular note of a patients’ cancer diagnosis when considering post-operative thromboprophylaxis, as this study shows that these patients
almost always require pharmacological thromboprophylaxis and may benefit from extended duration therapy.
5.8.5 Human immunodeficiency virus infection

The 2005 Caprini RAM does not specifically list HIV
as a risk factor for VTE. However, based on the evidence available as well as personal correspondence with
Dr Joseph Caprini, HIV was scored with 1 point under
“other risk factors”. The 2013 updated Caprini RAM now
includes HIV infection as a risk factor weighted to 1
point [47].
The literature suggests that HIV is associated with
between a 2 to a 10 times increased risk of VTE. Most
of these studies were conducted prior to the widespread roll-out of antiretroviral treatment. HIV positive
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individuals may have deficiencies of protein C and protein S, as well as elevated levels of tissue factor. This may
create a hypercoagulable environment. The virus itself
may also cause endothelial damage which predisposes
to thrombosis. In addition, the use of protease inhibitors may increase an individuals’ risk for VTE. Patients
infected with HIV are more likely to acquire opportunistic infections and malignancies, and these may also
increase the risk of thrombosis [48]. The risk of VTE in
HIV positive individuals appears greater with lower CD4
counts and higher viral loads [48].
Twenty-two per cent of the elective urology population at CHBAH were known to be infected with HIV,
which is higher than the 17.6% of the Gauteng provincial
prevalence for adults [47]. The integrity of an HIV positive individuals’ immune status could be seen as a potentially modifiable risk factor for VTE, since CD4 counts
and viral loads may be influenced by multiple factors,
particularly the use of antiretroviral therapy. Given the
prevalence of HIV in this sample, it is clear that clinicians
should take particular note of a surgical candidates’ HIV
status, their CD4 count and their viral load as applicable.
A consideration would be to delay elective surgery, where
possible, until the patients’ immune status has been
optimised.
5.8.6 Androgen deprivation therapy

About 4% of the population in this study were men
on androgen deprivation therapy (c) for prostate cancer. While ADT does not appear as a risk factor on the
Caprini RAM, it was considered under “other risk factors” (scoring 1 point). The literature supports this consideration—the risk of VTE in those receiving ADT
for prostate cancer is elevated, even when controlling
for progression of malignancy. In particular, the risk
appears to be higher in patients receiving gonadotropin
releasing hormone (GnRH) analogues or in patients following bilateral orchidectomy, rather than patients on
anti-androgenic monotherapy. This could be related to
the reduction in serum testosterone associated with the
aforementioned therapies. Testosterone may have antithrombotic properties [49]. While, the effects of GnRH
analogues are generally sustained, ADT could be considered a modifiable risk factor for VTE, particularly
in a patient at high risk for VTE whose disease status
allowed for a change of drug or cessation of therapy. This
study did not document the type of ADT administered,
although GnRH analogues are most commonly used at
CHBAH.
5.8.7 Personal or family history of thrombosis

The Caprini RAM cites a “family history of thrombosis”
as the most frequently missed risk factor when assessing
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VTE risk [5]. However, very few patients reported a family history or a personal history of thrombosis. This could
be due to a lack of awareness regarding the health status
of family members in a developing country.
5.8.8 Obstetric and gynaecological risk factors

Twenty-one per cent of females in this study had some
form of obstetric or gynaecological risk factor for VTE.
In this regard, the use of hormonal contraception was the
most common risk factor, followed by a history of prior
unexplained or recurrent loss of pregnancy. Very few
patients were peripartum.
Approximately, 5% of women of reproductive age have
had multiple pregnancy losses. Thrombophilia may be
the cause of recurrent loss of pregnancy in up to 40% of
cases, especially in early pregnancy losses. This is often
associated with inherited abnormalities of prothrombin or factor V Leiden. Acquired conditions such as
antiphospholipid syndrome may also cause thrombophilia manifesting as a miscarriage or stillbirth [50]. The
risk of VTE is elevated in women using oral contraceptives or hormonal replacement therapy. These hormonal
therapies may increase plasma fibrinogen and the activity of clotting factors VII and X, while also decreasing
antithrombin III activity. In addition, platelet aggregation may increase. The risk of this hypercoagulable state
appears to decrease with the duration of therapy, while
it is increased by a greater dose of oestrogen within the
formulation [51, 52]. A thorough obstetric and gynaecological history is essential in patients undergoing urological surgery in order to understand whether a patient may
have an inherited or acquired thrombophilia.
5.8.9 Immobility

Approximately, 5% of the studied population at CHBAH
had some degree of immobility. Most common were ill
patients on bed rest, followed by patients confined to bed
for more than three days and patients with longstanding
paraparesis.
Post-mortem findings in individuals on prolonged bed
rest demonstrate an incidence of VTE of up to 80%. The
frequency of VTE appears to increase with the duration
of immobility [53]. Other causes of relative immobility
which could cause venous stasis and increase an individuals’ risk of VTE are lower limb fractures, plaster casts,
recent cerebrovascular accidents, recent spinal cord injuries or lower limb surgery. No patients in the sample population demonstrated any of these risk factors. Patients
with immobility as a risk factor should be considered for
mechanical and/or pharmacological thromboprophylaxis
prior to and following urological surgery. Peri-operative
ambulation should be encouraged where possible, with
the aid of a physiotherapist if necessary.
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5.8.10 Chronic venous disease

The term chronic venous disease is used to describe
a spectrum of disorders including varicose veins and
chronic venous insufficiency (CVI), among others. These
disorders are thought to be underdiagnosed, with a prevalence of up to 60% [54]. Approximately, 10% of elective
urology patients at CHBAH presented with swollen legs,
varicosities or CVI. Swollen legs is a non-specific finding,
but it may be a manifestation of CVI and is considered to
be a risk for VTE [5]. Dysfunction of lower limb venous
drainage may result from incompetence of valves in the
deep or superficial veins. Venous obstruction, such as
that which occurs in an established DVT, may contribute to this [54]. While it is clear that a DVT may cause
chronic venous disease, the role of varicosities in the
development of DVT is less clear. There is some evidence
to suggest an increased risk for DVT in persons with varicose veins compared with the general population [55].
However, on the whole, varicosities are thought to be a
weak risk factor for VTE [40].
5.9 VTE risk between genders

In this study, females were more likely to be overweight,
while males were more likely to undergo surgery for cancer. Overall, there were no statistically significant differences in the number of risk factors, or the total Caprini
score and risk for VTE between males and females at
CHBAH. This is in keeping with literature which suggests that overall, VTE risk appears to be equivalent in
males and females [56]. While incidence rates appear to
be higher in females during their child bearing years, the
incidence after the age of 45 is higher in men [57].

6 Conclusions
Venous thromboembolism is an important preventable
cause of morbidity and mortality in urology patients. The
disease may be difficult to diagnose, and clinicians may
underestimate the risk for developing VTE. Risk assessment models, such as the Caprini score, are objective
and practical tools to guide the application of thromboprophylaxis. This is the first African study evaluating
the risk for post-operative VTE in an exclusively urological population. The application of the Caprini RAM in
the elective urological surgery population at Chris Hani
Baragwanath Academic Hospital yields similar results to
studies performed elsewhere on similar surgical populations. Age, malignancy, major surgery, HIV infection
and a raised BMI are the most important risk factors in
this population. Elective urology patients are at moderate to high risk of post-operative VTE, and some form of
prophylaxis is required for almost all patients. Patients
undergoing urology surgery for cancer are, in particular, at high risk, and should be considered for extended
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duration pharmacological thromboprophylaxis following
discharge.
Limitations of this study include the relatively small
sample size and non-consecutive sampling. It is also
unclear whether the Caprini risk assessment model
accurately predicts VTE in a population with a high proportion of endoscopic procedures. Further research is
required to evaluate whether the incidence of VTE correlates with the risk assessment in this population. Clinician compliance with the use of RAMs as well as the
corresponding recommendations for prophylaxis need to
be evaluated. A validated risk assessment model which
accounts for procedure-specific risks in urology may be
useful.
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