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ABSTRACT: Achilles tendonitis or rupture are uncommon complications following the
use of fluoroquinolones, with a reported incidence in the general population of 0.4%.
The aims of the current study were to determine the incidence of Achilles tendon disease
(ATD) in lung transplant recipients (LTR) and to identify risk factors.
Questionnaires were sent to 150 LTR of whom 101 responded (67%). Twenty-two

LTR (21.8%) experienced ATD (tendonitis 16, rupture six). The mean age of LTR who
developed ATD was 52.9¡6.1 yrs (range: 19–63.5 yrs).
Only the use of ciprofloxacin was significantly associated with ATD (pv0.05). Age,

sex, underlying disease necessitating transplantation, serum creatinine and cyclosporine
levels were not associated with ATD. The association between ciprofloxacin and ATD
was not dose related. Of the 72 LTR who had received ciprofloxacin, 20 (28%)
developed ATD (tendonitis 15, rupture five). In patients receiving ciprofloxacin, there
was no association between the mean cumulative dose of prednisolone and ATD.
Tendon rupture occurred with a lower ciprofloxacin dosage than tendonitis and the
mean recovery duration was significantly longer.
To conclude, lung transplant recipients receiving ciprofloxacin are at significant risk

of developing Achilles tendon disease. The association between ciprofloxacin and
Achilles tendon disease appears to be idiosyncratic rather than dose-related.
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Achilles tendonitis or rupture are uncommon com-
plications following the use of fluoroquinolones with a
reported incidence in the general population of 0.4%
[1]. Fluoroquinolone antibiotics implicated in Achilles
tendon disease (ATD) include ofloxacin, pefloxacin
and ciprofloxacin [1–4]. Supraspinatus and Achilles
tendonitis have been reported in patients with renal
transplantation, but an association with ciprofloxacin
was not explored [5]. This study was undertaken in
order to determine the incidence of ATD in lung
transplant recipients (LTR) and to identify risk
factors.

Patients and methods

Questionnaires were sent to all 150 living LTR who
had undergone transplantation at the institute. The
questionnaire inquired about a history of ankle pain, a
diagnosis of Achilles tendonitis or rupture, time
interval to resolution (if applicable) and ciprofloxacin
usage. One-hundred and one LTR (67.3%) responded
to the questionnaire (male:female (M:F), 51:50; mean
age 47.6¡12.1 yrs. The response rate was 89% (76 of
85) in patients being followed-up in the clinic and
38.4% in those who were followed-up in their local
hospitals (e.g. interstate). None of the patients had
symptoms or signs of polyarthritis, spinal disease, eye

changes, skin changes, urethritis or any evidence of a
seronegative polyarthritis syndrome. All patients
received ciprofloxacin for treatment of lower respira-
tory tract infection, which was either due to pseudo-
monas (n=68) or atypical mycobacteria (n=4).

Achilles tendonitis was defined by the presence of
pain over the tendon with walking or on palpation,
and was usually associated with marked swelling [3].
The hallmark of Achilles tendon rupture is a posi-
tive Thompson9s test [3]. All patients were treated
with triple drug immunosuppression (cyclosporine/
tacrolimus, azathioprine and prednisolone) post-
transplantation. The cumulative dose of prednisolone
was calculated from the date of transplantation to the
time ATD was noted. In all instances, ciprofloxacin
was discontinued with the advent of this complication.
The total dose of ciprofloxacin (g) taken during the
event when ATD occurred was calculated, and the
serum cyclosporine and serum creatinine levels
recorded. In those LTR who had received ciproflox-
acin and did not develop ATD, the cumulative dosage
of prednisolone (g) was calculated from the date of
transplantation until the recipient had taken the last
course of ciprofloxacin. The total dose of ciproflox-
acin taken during the last course, serum cyclosporine
and serum creatinine levels were also recorded. In the
group of LTR who had not received ciprofloxacin, the
last documented serum creatinine level was recorded.
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Age, sex, underlying disease and serum creatinine level
were compared as independent risk factors for
association with ATD.

In LTR who developed ATD, the mean duration
from the day of transplant to the development of
ATD was 810¡991 days (range: 13–3,580 days). In
LTR who did not develop ATD, the mean duration
from the day of transplant to the day when these
patients were last assessed was 1213¡1025 days
(range: 2–3,927 days). There was a significant differ-
ence in these two periods (p=0.0397) and hence the
cumulative dosage of steroids in these groups was not
compared. Serum cholesterol levels were not available
in all patients and hence were not compared.

Lung transplant recipients receiving ciprofloxacin

The pre-morbid forced expiratory volume in one
second in patients with ATD was 2.2¡0.82 L and in
those not developing the disease was 2.1¡0.89 L
(pw0.05). There was no significant difference in the
mean period from the day of transplantation to the
development of ATD (860¡1025 days) or until the last
documented course of ciprofloxacin in those who did
not develop this complication (955¡900 days). This
enabled the comparison of the cumulative dosage of
prednisolone in these two groups of patients. The
component of the cumulative dose of prednisolone,
which was given pre-transplant, was not available.

Statistical analysis

Logistic regression was used to compare the asso-
ciation of ciprofloxacin, sex, age, underlying disease
necessitating transplantation, postoperative day since
transplantation and serum creatinine and cyclosporine
levels with ATD. The Mann-Whitney U-test was used
to determine the significance between two means.

Results

Of the 101 LTR who responded to the question-
naire, 22 (21.8%) recipients (M:F, 13:9) had experi-
enced ATD (tendonitis 16, rupture six). Ciprofloxacin
was significantly associated with ATD (pv0.05). Age,
sex, underlying disease and serum creatinine and
cyclosporine levels were not associated with ATD.
There was a tendency for patients with emphysema to
have ATD, however this did not reach statistical
significance (p=0.07). Seventy-two recipients (71.3%)
had received ciprofloxacin at some stage following
transplantation. Twenty LTR (27.8%) reported the
development of ATD (tendonitis 15, rupture five)
following the use of ciprofloxacin. The remaining two
patients who reported ATD (tendonitis one, rupture
one) had not received ciprofloxacin following trans-
plantation.

Lung transplant recipients receiving ciprofloxacin

The association between ciprofloxacin and ATD
was not dose related. The mean total dose of

ciprofloxacin in LTR developing ATD (17.6¡12.7 g;
range: 3–63 g) was significantly lower than the dose
received by those not developing the disease (135.2¡
313.7 g; 4–1,895 g) (pv0.05). The mean cumulative
dose of prednisolone in patients developing ATD was
15.1¡11.2 g (2.1–33.2 g), and in those not develop-
ing the disease was 16.3¡12.1 g, (1.4–46.6 g; pw0.05).
The mean duration of onset of ATD after ciproflox-
acin was 10.8¡5 days (2–20 days) and the mean
recovery time was 29.5¡39.4 weeks (2–180 weeks).
The recovery time was significantly earlier in patients
with tendonitis (17.5¡14.4 weeks; 2–60 weeks) com-
pared to patients having tendon rupture (65.6¡
66.9 weeks; 8–180 weeks; pv0.05). The cumulative
dosage of ciprofloxacin was significantly lower in
patients with tendon rupture (10.7¡3 g; 7–14 g)
compared to patients having tendonitis (19.9¡13.9 g;
3–63 g; pv0.05).

Achilles tendon disease in lung transplant recipients
not associated with ciprofloxacin

One LTR developed spontaneous Achilles tendo-
nitis on day 49 post-transplantation and the other
developed spontaneous Achilles tendon rupture on
day 573 post-transplantation. Recovery in the patient
with tendonitis took 8 weeks and the patient with
tendon rupture still has some ankle pain almost 4-yrs
later.

Discussion

Tendons are connective tissue structures with a low
cell content, mainly fibroblasts, little vascularity, and
are primarily composed of collagen fibres [6]. The
diminishing vascularity of the Achilles tendon with
advancing age [7] and steroid use [8] has been demon-
strated. JORGENSEN et al. [9] proposed that tendon
rupture might be due to a vascular phenomenon
leading to ischaemia. To the best of the authors9
knowledge there are no published data regarding
ATD in LTR. The overall incidence of ATD in this
study was 21.8%. The reported incidence of ATD in
the general population associated with the use of
fluoroquinolone antibiotics is 0.4% [1]. The incidence
of tendonitis in this study (16%, 16 of 101) compares
with a report in renal transplantation (20%), however,
ciprofloxacin was not analysed as a risk factor in that
study [5]. In the present study, ATD was significantly
associated with the use of ciprofloxacin. Long-term
steroid therapy has been reported as an independent
risk factor as well as in association with the use of
fluoroquinolones for the development of ATD [10,11].
All patients in this study received prednisolone as part
of their immunosuppression strategy following lung
transplantation. Steroids delay the maturation of
fibroblasts and reduce the tensile strength of the
tendon [11–13]. Although the cumulative dose of
prednisolone did not appear to be a risk factor for the
development of ATD in the LTR receiving cipro-
floxacin, the possibility that prednisolone does play
an important role cannot be excluded. LTR have

470 P.N. CHHAJED ET AL.



considerable exposure to prednisolone pre- and post-
transplantation compared to the general population
whose exposure to long-term steroids is minimal.

In the present study, ATD occurred at a mean
duration of 10.8 days following the administration of
ciprofloxacin and this is consistent with the literature,
which reports an onset within the first 2 weeks [1, 2,
10]. The ratio of Achilles tendonitis to Achilles tendon
rupture was 4:1, and this was similar to the series
reported by ROYER et al. [2]. In general, ATD heals
slowly and when tendon rupture occurs, healing
time is considerably lengthened. Delays in healing
of 1–3 months for tendonitis and 1–6 months for
tendon rupture have been reported [3,10,14,15].
Advanced age in association with fluoroquinolone
use has been reported as a risk factor for ATD [10,16].
In this study, age was not identified to be a risk factor,
however, the patients who developed ATD were
o35 yrs in age. The recovery times for ciprofloxa-
cin-associated tendonitis and rupture were much
higher in this study. This may be due to the effect of
prednisolone.

The patients in this study received a wide range of
total ciprofloxacin dose (3–1,895 g). The mean total
dose of ciprofloxacin in LTR developing ATD was
significantly lower compared to those not developing
the disease. The mean total ciprofloxacin dose was
significantly higher in LTR with tendonitis compared
to tendon rupture. These findings support the conclu-
sion that ciprofloxacin associated ATD in LTR is not
dose-related and favours an idiosyncratic mechanism
of action on the Achilles tendon. There was a tend-
ency for patients with emphysema to have ATD,
however this did not reach statistical significance. The
likely exposure of this group of patients to significant
dosages of prednisolone pre-transplant cannot be
excluded.

VAN DER LINDEN et al. [1] found no correlation
between renal dysfunction and tendonitis, whereas,
Achilles tendonitis and other tendon ruptures have
been reported as having a greater incidence in patients
with end-stage renal disease [5] and those receiving
haemodialysis [17–19]. It has been postulated that
chronic acidosis in dialysis patients leads to degenera-
tion of tendons, thereby causing a change in their
tensile characteristics [18]. In the current study, there
was no correlation between ATD and serum creati-
nine levels.

In conclusion, the present study suggests that lung
transplant recipients who receive ciprofloxacin are at
significant risk of developing Achilles tendon disease.
The overall association of ciprofloxacin and Achilles
tendon disease is not dose related. Tendon rupture
occurs at a lower total dose of ciprofloxacin than
tendonitis emphasizing idiosyncratic susceptibility to
Achilles tendon disease. Ciprofloxacin remains an
important antibiotic in the armamentarium of out-
patient treatment of pseudomonas infection. How-
ever, lung transplant recipients should be aware of this
potential complication in order to facilitate early
recognition, and discontinuation of this medication.
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