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ABSTRACT
Objectives: To investigate the clinical characteristics and
risk factors of gout attacks that develop during the
postsurgical period.
Methods: We enrolled 67 patients with gout who
developed postsurgical gout and 67 controls who had
histories of gout but did not develop gout attacks after
surgery. Features of the postsurgical gout attacks were
analysed and compared to those of presurgical gout
attacks suffered by patients and controls. Demographics,
medical backgrounds, laboratory data and surgical factors
were compared between patients and controls in order to
establish risk factors associated with postsurgical gout.
Results: The mean (SD) time interval to develop
postsurgical gout was 4.2 (3.1) days. The attacks tended
to involve lower extremity joints (65/67, 97.0%), usually
the first metatarsophalangeal joint (42/67, 62.7%), and to
affect more than one joint (34/67, 50.7%). The number of
attacked joints was positively correlated with the total
number of previously involved joints (r = 0.281,
p = 0.026). The site of attacks had a preference for the
previously affected sites. A history of cancer surgery
(p = 0.002), elevated presurgical serum urate levels
(>9 mg/dl; p = 0.002) and failure to administer colchi-
cine prophylaxis (p = 0.008) were found to be risk factors
for postsurgical gout.
Conclusions: Postsurgical gout tends to develop within
8 days after surgery. The site and number of involved
joints reflect the features of gout attacks the patient
suffered before surgery. Adequate presurgical control of
serum uric acid levels and/or prophylactic administration
of colchicine will help prevent gout attacks during the
postsurgical period.

Gout is a recurrent inflammatory arthritis caused
by deposition of urate crystals in joints or soft
tissues.1 Despite recent progress in understanding
its pathogenesis, the prevalence of gout has been
increasing.2 3 It develops with various chronic
diseases including hypertension, hyperlipidaemia,
obesity, kidney diseases and cardiovascular dis-
eases.1 4 Gout attack is extremely painful and is
suggested to be precipitated by alcohol intake, a
high purine diet, fasting, trauma and surgery.5–7

Since surgery is believed to agitate gout attack,
early detection and management of postsurgical
gout is important in several respects. First, a
postsurgical gout attack is often mistaken for an
infectious condition. This leads to unnecessary
diagnostic and therapeutic interventions.8 Second,
it often delays early ambulation that many
operations require for the most favourable out-
comes9–11 and to reduce length of hospital stay.12

Third, postsurgical gout is a useful human gout
model for studying the pathogenesis of gout, since
daily monitoring of the patient is possible during
the postsurgical period. Furthermore, a postsurgical

gout attack was reported to develop in 17.2% of
inpatient patients with gout after surgery.8 Except
for two descriptive case series studies,8 13 however,
there have been no evidence-based clinical guide-
lines for postsurgical gout.

In this study, we explored the clinical character-
istics and risk factors of postsurgical gout attacks.
This study will help clinicians predict, recognise
and manage such gout attacks more appropriately
in the presurgical and postsurgical period.

PATIENTS AND METHODS
Patients
A total of 72 patients who developed postsurgical
gout were identified from a list of 1543 surgical
patients who had been consulted to by the
Division of Rheumatology, Seoul National
University Hospital, South Korea, between
December 1999 and March 2006. Diagnosis of gout
was made based on ascertainment of the presence
of needle-shaped monosodium urate crystals in the
affected joint fluid using polarised microscopy.
Postsurgical gout attack was defined as an attack
that developed within 20 days after a surgical
procedure performed under general anaesthesia.8

Of the 72 patients, 67 had prior history of gout.
These 67 patients were enrolled as cases for risk
factor analysis.

Controls
A total of 67 gout patients who did not develop
gout after a surgical procedure were identified
through an electronic medical record system.
Among 4309 patients who had hyperuricaemia at
any one time, we could identify 390 patients who
had a history of gout and underwent a surgical
procedure under general anaesthesia in the same
hospital during the same period of time as the
patients who suffered postsurgical gout. Among
these 390 patients, 67 patients experienced no
postsurgical gout attack and had sufficient clinical
information to analyse. These 67 patients were
enrolled as controls for risk factor analysis.

Collection of clinical data
The institutional review board of the Seoul
National University Hospital approved access to
the medical records for this study. Structured
consultation sheets completed by two of the
authors (YWS and EBL) and medical records were
used to retrieve relevant demographic and clinical
data. For all patients, the following were collected:
(1) demographic data including age, gender and
body mass index (BMI; kg/m2); (2) data on
accompanying medical conditions, such as hyper-
tension, diabetes, dyslipidaemia, renal insufficiency
and cancer; (3) features of postsurgical gout attack,
which consist of onset, distribution and the
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number of inflamed joints; (4) surgical factors such as the
postsurgical starvation period, body sites involved in surgery
and length of surgery; (5) features of gout attacks before surgery
including the number and location of involved joints, presence
of tophi and history of urinary stones; (6) medications for gout
attack, including non-steroidal anti-inflammatory drugs
(NSAIDs), colchicine and allopurinol; and (7) serum urate levels
before surgery and at time of attack. Urate levels from 3 days
before or after an attack were used, with preference given to
those on the date of the attack whenever possible. For each
control patient, the lowest level of urate within 20 days after
surgery was used for postsurgical uric acid level.

Statistical analysis
We analysed the presurgical and postsurgical attacks of 67
patients and compared the demographics, medical backgrounds,

uric acid levels and presurgical medications between the
patients who experienced postsurgical gout attacks and the
controls who had a history of gout but did not develop
postsurgical gout.

The x2 and Fisher exact tests were used for comparison of
categorical data. Continuous values were expressed as mean
(SD) and comparison was performed with the Student t test.
For analysis of correlation, the Spearman correlation coefficient
was used. Multiple logistic regression was used for the risk
factor analysis. Candidate variables with p value ,0.05 were
chosen for multivariate analysis. Among the candidate variables,
use of allopurinol was omitted because of a strong correlation
with presurgical uric acid level. All statistical calculations were
performed with SPSS V.12 (SPSS Inc., Chicago, Illinois USA).

RESULTS

Clinical features of postsurgical gout attacks
The clinical features of 67 postsurgical gout attacks are
summarised in table 1. Most of the attacks developed within
8 days after surgery (mean interval, 4.2 (3.1) days) and involved
the lower extremity joints (65/67, 97.0%), especially the first
metatarsophalangeal (MTP) joint (42/67, 62.7%). The number
of joints affected was positively correlated with the total
number of previously involved joints (r = 0.281, p = 0.026),
which in turn was in correlation with the duration of gout
(r = 0.254, p = 0.007). The involved sites showed a significant
association with the previously involved sites; those who
developed postsurgical gout in the first MTP, ankle, knee and
wrist joints respectively, more often had a previous history of
gout in the same joint than those who developed gout in other
joints (table 2).

The treatments for postsurgical gout included oral colchicines
(34/62, 54.8%), NSAIDs (20/62, 32.3%) and/or intravenous or
intra-articular steroid injections (12/62, 19.4%). All treated
patients responded adequately, and five patients resolved
without treatment.

Comparison of clinical data between patients and controls
Table 3 shows the baseline clinical data of the patients and
controls. Most of the patients and controls were male. Their
mean ages, mean BMI and prevalence of the associated medical
illnesses were similar between the patients and controls.
Additionally, there was no significant difference in the clinical
features of gout attacks that had been suffered before surgery,
including duration of gout history, preferential sites, distribu-
tion and the numbers of involved joints.

Despite the similarities above, the presurgical uric acid level
and its perisurgical changes were significantly different between
the two groups. The patients showed significantly higher
presurgical uric acid levels (8.5 (2.2) vs 7.1 (2.1) mg/dl,
p,0.001) and more rapid and profound decrease of uric acid
levels after surgery than the controls (22.5 (1.6) vs 20.8
(1.8) mg/dl, p,0.001; 20.7 (0.8) vs 20.3 (0.7) mg/dl/day,
p = 0.011) (fig 1). The range and rate of decrease were strongly
associated with presurgical uric acid levels (r = 20.580,
p,0.001; r = 20.424, p,0.001).

Allopurinol was more frequently taken by control patients
(19.4% vs 44.6%, p = 0.002) and presurgical intake of allopurinol
was associated with the lower baseline serum uric acid levels
(6.7 (2.4) vs 8.3 (2.1) mg/dl, p,0.001). Colchicine was taken
more frequently in the control group (6.0% vs 21.9%, p = 0.011,
respectively).

Table 1 Features of postsurgical gout attacks

n = 67 (%)

Duration of gout (years, mean (SD)) 7.6 (6.3)

Postsurgical period of gout attack (days, mean (SD)) 4.2 (3.1)

Involved joints at attack:

Lower extremity involvement 65 (97.0)

First metatarsophalangeal joint 42 (62.7)

Ankle 21 (31.3)

Knee 15 (22.4)

Others 14 (20.9)

Upper extremity involvement 9 (13.4)

Wrist 7 (10.4)

Elbow 1 (1.5)

Others 1 (1.5)

No. of involved joints at attack

1 33 (49.3)

2 22 (32.8)

3 8 (11.9)

4 2 (3.0)

5 2 (3.0)

Attack at previously untargeted joints 24 (35.8)

Lower extremity involvement 20 (29.9)

First metatarsophalangeal joint 4 (6.0)

Ankle 7 (10.4)

Knee 7 (10.4)

Others 8 (11.9)

Upper extremity involvement 4 (6.0)

Wrist 2 (3.0)

Elbow 1 (1.5)

Others 1 (1.5)

*Mean (SD), 1.8 (1.0).

Table 2 Association between the sites involved before and after
surgery

Affected site
(postsurgical attack)

Presurgical
involvement n (%)* p Value

MTP MTP 37/40 (92.5) 0.005

non-MTP 14/23 (60.9)

Ankle Ankle 13/20 (65.0) 0.007

Non-ankle 12/43 (27.9)

Knee Knee 9/14 (64.3) ,0.001

Non-knee 6/49 (12.2)

Wrist Wrist 5/7 (71.4) 0.001

non-wrist 5/56 (8.9)

*Numbers are based on 63 cases in whom detailed information on the affected sites in
presurgical and postsurgical periods are available.
MTP, metatarsophalangeal.
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Table 4 summarises surgical factors related to postsurgical
gout attack. Lengths of operation and postoperative starvation
periods were similar for both groups. However, patients more
frequently underwent cancer surgeries than the controls
(p = 0.003). Regarding the site of surgery, gastrointestinal
surgery was more frequent in the patient group (p = 0.021).

Risk factors for postsurgical gout
In univariate analysis, higher presurgical serum urate level
(p,0.001), cancer surgery (p = 0.003), or gastrointestinal
surgery (p = 0.021) was associated with development of
postsurgical gout while presurgical intake of colchicine
(p = 0.011) or allopurinol (p = 0.002) was more frequent in

Table 3 Comparison of baseline data between the patients (n = 67) and controls (n = 67)

Postsurgical attack

p ValuePositive, n (%) Negative, n (%)

Demographic data:

Age (years, mean (SD)) 61.6 (11.0) 61.9 (12.0) 0.881

Gender (male) 64 (95.5) 65 (97.0) 1.000

BMI (kg/m2, mean (SD)) 24.5 (2.7) 24.9 (3.1) 0.484

Associated medical illness 41 (61.2) 43 (64.2) 0.721

Hypertension

Dyslipidaemia 15 (22.4) 16 (23.9) 0.838

Diabetes mellitus 9 (13.4) 10 (14.9) 0.804

Chronic renal failure 12 (17.9) 15 (22.4) 0.518

Features of presurgical gout arthritis:

Previous gout duration (years, mean (SD)) 7.6 (6.3) 7.6 (7.5) 0.990

Number of previously involved joints (mean, SD)) 2.5 (1.8) 2.2 (1.4) 0.305

Previously involved joints:

Lower extremity joints 62/63 (98.4) 50/50 (100) 1.000

First MTP 51/63(81.0) 43/50 (86.0) 0.614

Ankle 25/63 (39.7) 19/50 (38.0) 0.855

Knee 15/63 (23.8) 12/50 (24.0) 1.000

Others 10/63 (15.9) 10/50 (20.0) 0.625

Upper extremity joints 10/63 (15.9) 5/50 (10.0) 0.414

Wrist 10/63 (15.9) 2/50 (4.0) 0.063

Elbow 1/63 (1.59) 2/50 (4.0) 0.583

Others 0/63 (0) 2/50 (4.0) 0.194

Presence of tophi 6 (9.0) 9/51 (17.6) 0.175

History of urinary stones 4 (6.0) 4 (6.0) 1.000

Erosion on radiographs 11/47 (23.4) 7/23 (30.4) 0.954

Laboratory data:

Serum urate level (mg/dl, mean (SD)) 8.5 (2.2) 7.1 (2.1) ,0.001

Anti-gout medications before surgery:

Allopurinol 13 (19.4) 29/65 (44.6) 0.002

Colchicine 4 (1.5) 14/64 (21.9) 0.011

BMI, body mass index; MTP, metatarsophalangeal.

Table 4 Surgical procedures performed on patients (n = 67) and controls (n = 67)

Postsurgical attack

p ValuePositive, n (%) Negative, n (%)

Operation time (h, mean (SD)) 4.5 (2.3) 4.6 (3.8) 0.931

Postoperative starvation (days, mean (SD)) 4.4 (7.4) 3.8 (3.9) 0.529

Cancer surgery (%) 40 (59.7) 23 (34.3) 0.003

Surgical sites:

Intracranial 1 (1.5) 1 (1.5) 1.000

Head and neck 3 (4.5) 7 (10.4) 0.325

Heart and lungs 8 (11.9) 11 (16.4) 0.456

Vascular 4 (6.0) 6 (9.0) 0.744

Hepatobiliary 3 (4.5) 10 (14.9) 0.077

Gastrointestinal 32* (47.8) 19* (28.3) 0.021

Urogenital 9 (13.4) 3 (4.5) 0.128

Musculoskeletal 8 (11.9) 8 (11.9) 1.000

Others 2 (3.0) 3 (4.5) 1.000

*Among the 32 patients and 19 controls who underwent gastrointestinal surgeries, 4 and 1 also underwent urogenital surgeries,
respectively. They are represented in both groups for this table.
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control patients (p = 0.011) (tables 3 and 4, supplementary
tables 1 and 2). Cancer surgery, presurgical urate levels of
>9 mg/dl and the absence of colchicine prophylaxis were
identified as significant risk factors (p = 0.002, p = 0.002,
p = 0.008, respectively) for postsurgical gout attack in multi-
variate analysis (table 5).

DISCUSSION
The clinical features of gout attacks in the postsurgical period in
this study were as follows: (1) most of the attacks appear
within 8 days after surgery; (2) lower extremity joints (97%),
particularly the first MTP joints (62.7%), were most frequently
involved; (3) less than half of cases (49.3%) presented as a
monoarticular attack; (4) the number of joints affected in
postsurgical attack were correlated with the total number of
previously involved joints; and (5) although new joints were
affected in about a third of cases (35.8%), the site of attacks had,
in general, a preference for the previously affected sites. These
findings suggest that the features of postsurgical gout reflect the
features of gout arthritis the patient has suffered before surgery.
The fact that the patients had a previous gout history (on
average for 7.6 years before the surgery) explains why the
postsurgical gout that developed in these patients was more
similar to advanced rather than early phase gout, in which
recurrent monoarticular attack on the first MTP joint is typical.
Another possible reason why postsurgical attacks tended to be
polyarticular and often involve non-first MTP joints is that the
pathogenic trigger mechanisms of gout attack may differ in
surgical and non-surgical conditions. While local factors such as
cold temperature or a minor trauma in the first MTP joint
precipitate attacks,14 certain systemic factors that become
prevalent after surgery may instigate attacks in several joints
simultaneously.

When compared, patients and controls showed similar
demographics and medical backgrounds except there were more
cancer cases in the former group. Moreover, the clinical features
of previous gout arthritis were also similar for both groups in

terms of duration of gout, preferential sites, distribution, and
the number of previously affected joints. This suggests that
postsurgical gout does not develop in relation to a specific
feature of previous gout arthritis (tables 3 and 4).

The risk factors for postsurgical gout attack identified by
multivariate analysis were cancer surgery, presurgical urate level
>9 mg/dl and the absence of colchicine prophylaxis. Cancers,
especially haematological malignancies, are known to cause
hyperuricaemia and gout due to high rates of cellular turn-
over.15 16 However, basal serum urate levels were not signifi-
cantly different between patients with cancer and patients
without cancer, nor were perisurgical changes in urate level in
our study (data not shown), suggesting that triggering factors
other than hyperuricaemia are involved. Increased chemokine
levels in patients with cancer might condition monocytes for
engulfing monosodium urate crystals.17 18 Despite this plausible
speculation, the association between cancer surgery and
postsurgical gout observed in this study does not allow us to
directly relate cancer surgery or cancer as a reason for surgery to
lead to development of a gout attack because of the retro-
spective and cross-sectional nature of the study

As seen in tables 3 and 4, the presurgical serum level of uric
acid was the most important risk factor. The risk of attack
increased in proportion to presurgical uric acid levels (table 5).
This is consistent with more prevalent allopurinol intakes,
lower uric acid levels and lower frequency of postsurgical
attacks observed in the control group. In some controls, long-
term allopurinol intake might have caused urate crystal
dissolution, making it impossible to develop gout.19 These
findings are important because they suggest that postsurgical
gout attacks can be prevented by controlling presurgical uric
acid levels.

Surgery has long been suspected as a precipitating factor of
gout attack, and surgical procedures include several factors that
can increase serum uric acid levels, including starvation,
dehydration and tissue hypoxia.20–22 However, in our study,
most patients and controls showed decrease of urate levels
during the perisurgical period, and patients showed a more rapid
and profound drop in urate levels than did controls. Moreover,
the rate and range of drop were well correlated with the
presurgical serum urate levels. Our results are consistent with
the hypothesis that the triggering factor for a gout attack is a
dramatic change in uric acid levels rather than absolute level of
initial uric acid.23 24 A rapid drop of uric acid levels after surgery
might be due to the low sodium loading in infusion fluid during
the perisurgical period. Lower sodium content in infusion fluid
may prevent resorption of filtered urate in the renal proximal
tubule, which is coupled with a sodium-dependent organic acid
co-transporter.25 This speculation is consistent with the finding

Figure 1 Comparison of uric acid levels between patients with
postsurgical gout attack and without postsurgical attack. Presurgical uric
acid level was significantly higher in patients with attack (p,0.001) and
was correlated with drop of uric acid levels after surgery (r = 20.580,
p,0.001).

Table 5 Multivariate analysis of risk factors for postsurgical gout

Odds ratio (95% CI) p Value

Presurgical uric acid level (mg/dl):

6–7 0.558 (0.127 to 2.458) 0.441

7–8 1.347 (0.358 to 5.065) 0.659

8–9 2.227 (0.635 to 7.806) 0.211

>9 8.245 (2.226 to 30.544) 0.002

Gastrointestinal surgery 0.635 (0.199 to 2.033) 0.445

Cancer surgery 6.185 (1.922 to 19.903) 0.002

Colchicine prophylaxis 0.157 (0.040 to 0.612) 0.008

Odds ratios were calculated in comparison to subjects with presurgical uric acid levels
of ,6 mg/dl, subjects who underwent non-cancer surgery and subjects who
underwent non-gastrointestinal surgery, respectively.

Extended report

1274 Ann Rheum Dis 2008;67:1271–1275. doi:10.1136/ard.2007.078683

 on 4 September 2009 ard.bmj.comDownloaded from 

http://ard.bmj.com


that patients with higher presurgical uric acid levels showed
larger drops in these levels, because they had greater luminal
urate loading and therefore were more prone to urinary urate
loss due to impaired urate resorption.

Gastrointestinal surgery was associated with postsurgical
attack in univariate analysis. Recently, the role of innate
immunity in gout pathogenesis has been revealed, including
toll–like receptor (TLRs) 2 and 4 and the cryopyrin pathway.26 27

Because peptidoglycan and lipopolysaccharide are also ligands
for TLRs 2 and 4, respectively,28 29 subtle bacteraemia during
gastrointestinal surgery might condition these TLRs to be more
easily activated.

Our results suggest ways in which postsurgical gout may be
prevented in patients with gout undergoing surgery with
general anaesthesia. Serum uric acid levels should be maintained
below 9 mg/dl, preferably less than 7 mg/dl. Colchicine
prophylaxis should be considered in patients who are not
candidates for lowering of their serum uric acid level. Doctors
caring for postsurgical patients with a history of gout should
maintain a high clinical suspicion for gout so that early
treatment may be provided.
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