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Factors associated with prolonged wound drainage
after hemiarthroplasty for hip fractures in elderly
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Abstract
Purpose The aim of this study was to determine the incidence of prolonged wound drainage (PWD) and the amount of drainage
fluid after hip hemiarthroplasty (HA) and to investigate the risk factors for the development of PWD associated with the patient,
fracture and surgical treatment.
Methods Data from 313 patients who underwent HAwere prospectively analysed. The mean drainage time and drainage amount
of patients with PWD were calculated. Patient demographic data, pre-operative ASA scores and anticoagulation status, presence
of diabetes, fracture type, surgical approach, femoral stem type, cable usage, amount of drain output, blood transfusion quantity,
time from injury to surgery, time from surgery to discharge and patient blood tests were investigated.
Results The incidence of PWD after HA was 8.9% (28 patients). The mean drainage time in patients with PWD was 4.9 ± 1.85
(3–9) days, and the mean collected total fluid volume was 51.1 ± 26.9 (21–132) mL. PWD was more commonly observed in the
lateral approach group (p < 0.001) and morbidly obese patients (p < 0.001). In the PWD group, the mean post-operative first-day
haemoglobin value was lower (p < 0.001), more blood transfusions were required (p < 0.001) and the amount of drainage output
from the closed suction drain (CSD) was higher (p < 0.001). The duration of hospitalization was longer in patients with PWD (p <
0.001). Lateral approach, morbid obesity and increased drainage output were found to be associated with PWD in logistic
regression analysis.
Conclusion Lateral approach, morbid obesity and increased drainage output were found to be risk factors for the occurrence of
PWD.
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Introduction

Prolonged wound drainage (PWD) is considered one of the
few factors that cause early periprosthetic joint infection (PJI)
following arthroplasty [1–5]. It is not clear whether patients

with PWD develop surgical site infections (SSIs) or heal with-
out complications [5, 6]. Due to the apprehension of PJI com-
plications, increased hospitalization time is enforced, and
sometimes unnecessary irrigation and debridement surgeries
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are performed [5, 7]. Such factors increase costs for the patient
and healthcare systems [5, 8].

Although there is no clear consensus in the literature, con-
tinuous wet spots larger than 2 × 2 cm on the dressings cov-
ering the surgical area that remain after the third day of
arthroplasty surgery are defined as PWD [7, 9–11]. The
PWD incidence rate following total joint arthroplasty (TJA)
is reported to be between 0.2 and 21%, and PWD is thought to
be more frequent following revision arthroplasty surgeries [5,
12–15].

Low-molecular-weight heparin (LMWH), obesity and ex-
cessive drain output after surgery are some of the identified
risk factors for PWD after TJA surgery [14]. The studies about
the incidence rate and possible risk factors for PWD were all
conducted with patients undergoing TJA interventions, and to
the best of our knowledge, there are no similar studies in
patients with hip fractures treated with HA [6, 12–15].
Additionally, we could not find a study in the literature that
reports the collection of the leaking fluid and calculation of the
amount of leakage in patients with PWD.

The main objective of our study is to evaluate the incidence
of and risk factors for PWD in patients with a hip fracture who
are treated with HA. In addition, we also aimed to quantita-
tively measure the drainage volume and duration by collecting
the fluid using a simple method that we developed.

Patients and methods

Study population

The study prospectively collected data from 448 consecutive
proximal femur fracture patients over 65 years of age who
were treated in our clinic from January 2017 to January
2020. Local ethics committee approval was obtained prior to
study initiation, and all patients gave their informed consent
before being included in the study. After excluding patients
who do not meet the inclusion criteria, the study was per-
formed using data from 313 patients. The flowchart of the
study is shown in Fig. 1.

Decision process and surgical procedure

Clinical and radiological evaluation of all trauma patients in
our clinic is performed by a team of four orthopaedic surgeons
with ten to 15 years of clinical experience and a senior ortho-
paedic surgeon with over 35 years of clinical experience. The
orthopaedic council determines the type of surgery (open re-
duction and internal fixation vs arthroplasty) to be performed
in elderly patients with hip fractures with consideration of the
patient’s age, comorbid diseases, activity level prior to frac-
ture and fracture type.

The surgical approach type (lateral or posterior) and femo-
ral stem type (cemented or uncemented) to be used are chosen
by the surgeon who will perform the surgery in patients un-
dergoing HA. Three surgeons in our clinic used the posterior
approach, and 1 surgeon preferred the lateral approach for HA
surgery. All femoral stems and modular bipolar head implants
used for HA were obtained from two local orthopaedic supply
producers (Hipokrat, Izmir, Turkey, and Tipmed, Izmir,
Turkey).

Poly-methyl methacrylate (PMMA) (Biofix-Synimed) ce-
ment was used for fixation of polished femoral stems, and no
additional antibiotics were added. A distal centralizer and a
bone plug were used with all cemented femoral implants.
Proximal 1/3 hydroxyapatite-coated implants were used for
uncemented femoral stem applications. Displaced trochanter
major and minor fragments in trochanteric fractures were
fixed to the femoral stem with 1 to 3 multifilament metallic
cable systems according to the size of the fragments. After
stability control of the hip joint, a closed suction drainage
(CSD) system was placed 3–5 cm distal to the incision. A
polyglactin suture material was used for fascia and subcuta-
neous tissues with intermittent fashion. A polypropylene su-
ture material was used for skin closure.

Peri- and post-operative follow-up protocol
and collection of drainage fluid

An antibiotic prophylaxis was administered by 2-g cefazolin
in patients without penicillin allergy, and patients with peni-
cillin allergy were given 600-mg clindamycin. Antibiotic pro-
phylaxis was continued for 24 hours following the surgery
(cefazolin 3 × 1 g or clindamycin 2 × 600 mg) [14]. Low-
molecular-weight heparin (enoxaparin sodium – 4000 IU) was
administered as deep vein thrombosis (DVT) prophylaxis.

The amount of accumulated fluid in the negative pressure
CSD system was recorded. All drains were removed under
sterile conditions after 48 hours. Following CSD system remov-
al, a sterile disposable paediatric urine collection bag with a
100-cc volume was placed on the drain exit point with the
collection part stuck to the drainage point using sterile tech-
niques (Fig. 2). The fluid volume collected in the collection
bag via passive drainage was measured daily and was replaced
daily as the drainage continued. Patients with daily fluid collec-
tion > 2 ml for three consecutive days after the placement of the
collection bag were considered PWD cases. Collection bags
were removed in patients with no fluid collection for 24 hours,
and the drain exit point was covered using sterile gauze. Patients
with dry dressings 24 hours after fluid collection procedure
completion were discharged if there was no contraindication.
Drainage amounts in all patients were recorded daily. Patients
with cemented prosthesis without any drainage were mobilized
with full weight-bearing, whereas patients with uncemented
prostheses were mobilized with partial weight-bearing.
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Patients with persistent drainage were not mobilized and only
lower extremity isometric exercises were given.

Patients were divided into two groups according to the pres-
ence of PWD. Mean age, sex, body mass index (BMI) values,
pre-operative ASA scores and anticoagulation status, presence
of diabetes, hospitalization time from initial referral to the sur-
gery, period from the surgery to discharge, fracture region (fem-
oral neck or trochanter), surgical approach used (lateral or pos-
terior), cement usage (cemented vs uncemented) and cable us-
age (yes/no) were recorded. Patients were categorized as normal
(≤ 24.9 kg/m2), overweight (25.0 to 29.9 kg/m2), class I obese
(30 to 34.9 kg/m2), class II obese (35 to 39.9 kg/m2) or morbid
obese (≥ 40 kg/m2) according to their BMI. Finally, pre-
operative blood glucose levels, haemoglobin (Hgb), lymphocyte
number and percentage, total protein and albumin values prior to
surgery, 24 hours after surgery and at discharge, total blood
transfusion requirement amounts and total fluid amounts drained
from the CSD system following surgery were also compared.
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Fig. 1 The flowchart of the study

Fig. 2 A sterile disposable paediatric urine collection bag with 100-cc
capacity was used for collection of draining fluid from drain exit point
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Statistical analysis

The IBM SPSS Statistics version 22 (IBM Corp, Armonk
NY, USA) was used for statistical analysis. Continuous
variables are expressed as the mean, standard deviation
and max-min values, and categorical variables are
expressed as percentages. The normality of the groups
was evaluated with the Shapiro-Wilk test. The Mann-
Whitney U test was used for the non-normally distribut-
ed variables, and the t test was used to compare normally

distributed variables. The chi-square tests were used to
compare categorical variables. Variables with p < 0.25
were included in the multivariate logistic regression anal-
ysis. The age-corrected probability rate (PR) and 95%
confidence interval were set using the maximum proba-
bility method. Sub-group analysis was performed about
variables that are statistically significant in logistic re-
gression to investigate the effect of the distribution of
the fracture type. p < 0.05 values were deemed statisti-
cally significant.
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Fig. 3 The Kaplan-Meier curve
for the duration of prolonged
wound drainage within all study
group after closed suction drain
removal
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Fig. 4 The daily changes of draining fluid amount across prolonged wound drainage group patients
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Results

One hundred fourteen (36.4%) patients were male, whereas
199 (63.6%) were female. The mean age of the patients was

81.2 ± 8.3 (range 65 to 99) years. Fifty-two (16.7%) patients
showed no collection of fluid in the collection bag following
drain removal. One hundred twenty-two (38.9%) patients
showed fluid collection on the first day, and 111 (35.5%)

Table 1 The comparison of demographic and surgical data

Variable Entire sample (n = 313) PWD (n = 28) Non-PWD (n = 285) p Value Test

Age (years) 81.2 ± 8.3 (range 65 to 99) 79.6 ± 8.4 (range 65 to 95) 81.3 ± 8.3 (range 65 to 99) 0.251 U

Sex 0.458 χ2

Male 114 (36.4%) 12 (42.9%) 102 (35.8%)

Female 199 (63.6%) 16 (57.1%) 183 (64.2%)

Body mass index (kg/m2) 31.8 ± 4.4 (range 21.5 to 44.5) 35.9 ± 5.8 (range 25.2 to 44.4) 31.4 ± 4 (range 21.5 to 44.5) < 0.001* U

Morbid obesity (≥ 40 kg/m2 ) < 0.001* χ2

Absent (< 40 kg/m2) 292 (93.3%) 15 (53.6%) 277 (97.2%)

Present (≥ 40 kg/m2) 21 (6.7%) 13 (46.4%) 8 (2.8%)

Diabetes mellitus 84 (26.8%) 7 (25%) 77 (%27) 0.818 χ2

ASA score 0.440 χ2

2 166 (53%) 12 (42.8%) 154(54%)

3 132 (42.2%) 15 (53.6%) 117(41.1%)

4 15 (4.8%) 1 (3.6%) 14(4.9%)

Preoperative anticoagulant status 0.283 χ2

No medication 188 (60.1%) 15 (53.6%) 173 (60.7%)

Acetyl salicylic acid 93 (29.7%) 13 (46.4%) 80 (28.1%)

LMWH 6 (1.9%) 0 6 (2.1%)

Warfarin 15 (4.8%) 0 15 (5.3%)

NOAC 11 (3.5%) 0 11 (3.8%)

Prophylactic antibiotics 0.158 χ2

Cefazolin 297 (94.9%) 25 (89.3%) 272 (95.4%)

Clindamycin 16 (5.1%) 3 (10.7%) 13 (4.6%)

Time from injury to surgery (days) 1.7 ± 0.8 (range 0 to 5) 1.8 ± 0.6 (range 0 to 5) 1.7 ± 0.8 (range 0 to 5) 0.282 U

Time from surgery to discharge (days) 7.7 ± 2.2 (range 5 to 22) 11.3 ± 3.8 (range 7 to 21) 6.7 ± 1.4 (range 3 to 11) < 0.001* U

Fracture type 0.111 χ2

Femoral neck 110 (35.1%) 6 (27.8%) 104 (36.5%)

Intertrochanteric 203 (65.9%) 22 (72.2%) 181 (63.5%)

Approach < 0.001* χ2

Lateral 66 (21.1%) 18 (64.3%) 48 (16.8%)

Posterior 247 (78.9%) 10 (35.7%) 237 (83.2%)

Femoral stem type 0.084 χ2

Cemented 114 (36.4%) 6 (21.4%) 108 (37.9%)

Uncemented 199 (63.6%) 22 (78.6%) 177 (62.1%)

Cable usage 0.947 χ2

Present 136 (43.5%) 12 (42.9%) 124 (43.5%)

Absent 177 (56.5%) 16 (57.1%) 161 (56.5%)

Mean drainage output (mL) 318 ± 136 (range 20 to 900) 563 ± 173 (range 300 to 900) 294 ± 105 (range 20 to 750) < 0.001* U

Mean blood transfusion (U) 1.9 ± 1.8 (range 0 to 9) 4.5 ± 2.2 (range 0 to 9) 1.6 ± 1.5 (range 0 to 9) < 0.001* U

χ2 chi-square test

U Mann-Whitney U test

ASA score American Society of Anesthesiologists physical status classification score

LMWH low-molecular-weight heparin

NOAC non-vitamin K–dependent oral anticoagulants
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patients showed fluid collection on two consecutive days.
Twenty-eight (8.9%) patients showed fluid drainage for three
or more consecutive days after drain removal and these pa-
tients are accepted as PWD. The Kaplan-Meier curve for the
proportion of patients’ remaining drainage by days after
closed suction drain removal is shown in Fig. 3. The mean
drainage time after CSD removal in the PWD group was 4.9 ±
1.9 (range 3 to 9) days, and the mean collected drainage vol-
ume was 51.1 ± 26.9 (range 21 to 132) mL. The daily changes
of collected fluid volume in PWD patients following CSD
removal is shown in Fig. 4. Drainage stopped on its own
within seven days of CSD removal in 26 (92.9%) PWD pa-
tients. Two (7.1%) patients in the PWD group required irriga-
tion and debridement on the ninth day (11th day following
surgery) due to continuous drainage and no reduction in drain-
age volume with time. These patients did not experience
prolonged drainage again or surgical field infection following
irrigation.

PWD was more frequently observed in HA patients in
whom the lateral approach was used (p < 0.001) and morbidly
obese patients (p < 0.001). In the PWD group, the mean Hgb
level on the first day after surgery was lower (p < 0.001)),
blood transfusion levels were higher (p < 0.001) and drain
output from CSD was higher (p < 0.001). The hospitalization
period of PWD patients was significantly longer (p < 0.001).
No significant difference was seen between the groups in

other variables. Table 1 shows the comparison of demograph-
ic and surgical data, and Table 2 shows the comparison of
laboratory results between the groups.

The multivariate logistic regression analysis showed that
the most important risk factors for PWD were lateral ap-
proach, morbid obesity and increased CSD output volume
(Table 3). There was no significant difference between frac-
ture type groups in approach type, morbid obesity and CSD
output volumes (Table 4).

Discussion

The reported incidence rate of PWD in the literature varies
from 0.2 to 21%, and PWD is more frequent following revi-
sion arthroplasty [5, 12–15]. Maathuis et al. [15] reported the
PWD incidence rate in 366 THA patients as 11% when there
was no protocol defined for and as 18% when a protocol was
defined based on C-reactive protein and wound status.
Aggarwal et al. [16] reported a PWD rate of 21% in their study
of 263 THA patients. The mentioned studies are conducted
using total joint arthroplasty patient groups, and knee and hip
arthroplasties were assessed together in most of these studies
[6, 12–15]. In our study, the incidence of PWD after HA was
8.9%. The mean drainage time in patients with PWD was
about five days, and the mean total fluid volume was 51.1

Table 2 Comparison of laboratory results between the groups

Variable Entire sample (n = 313) PWD (n = 28) Non-PWD (n = 285) p*Value

Pre-operative mean preprandial
glucose level (mg/dL)

109.8 ± 43.8 (range 50 to 442) 102.9 ± 23.9 (range 71 to 156) 110.5 ± 45.2 (range 50 to 442) 0.999

Mean haemoglobin level (g/dL)

Pre-operative 11.2 ± 1.6 (range 8.5 to 16.9) 11 ± 1.5 (range 9 to 14.9) 11.3 ± 1.6 (range 8.5 to 16.9) 0.442

Post-operative day 1 9.7 ± 1.5 (range 4.1 to 14.6) 8.3 ± 1.5 (range 5 to 11.5) 9.8 ± 1.5 (range 4.1 to 14.6) < 0.001*

Post-operative day 5 10 ± 1 (range 7.4 to 15) 9.9 ± 0.7 (range 8.4 to 11.3) 10 ± 1 (range 7.4 to 15) 0.725

Mean total protein level (mg/dL)

Pre-operative 5.8 ± 0.8 (range 3.1 to 7.9) 5.8 ± 0.6 (range 4.7 to 7.2) 5.8 ± 0.8 (range 3.1 to 7.9) 0.813

Post-operative day 1 5.3 ± 0.6 (range 3.4 to 7.1) 5.4 ± 0.6 (range 3.9 to 6.5) 5.3 ± 0.6 (range 3.4 to 7.1) 0.650

Post-operative day 5 5.2 ± 0.6 (range 3.7 to 7.2) 5.2 ± 0.7 (range 3.9 to 6.1) 5.2 ± 0.6 (range 3.7 to 7.2) 0.596

Mean Albumin Level (mg/dL)

Pre-operative 3.5 ± 0.5 (range 1.6 to 4.8) 3.5 ± 0.5 (range 2.8 to 4.6) 3.5 ± 0.5 (range 1.6 to 4.8) 0.877

Post-operative day 1 3 ± 0.4 (range 1.8 to 4.3) 2.8 ± 0.6 (range 1.9 to 4.3) 3 ± 0.4 (range 1.8 to 4.1) 0.200

Post-operative day 5 2.8 ± 0.4 (range 1.8 to 4.1) 2.9 ± 0.6 (range 2 to 3.9) 2.8 ± 0.4 (range 1.8 to 4.1) 0.956

Mean lymphocyte count/mm3

Pre-operative 1506 ± 844 (range 320 to 5210) 1749 ± 1377 (range 320 to 5210) 1483 ± 772 (range 360 to 4940) 0.972

Post-operative day 1 1054 ± 662 (range 200 to 6330) 1380 ± 1391 (range 270 to 6330) 1022 ± 534 (range 200 to 3730) 0.708

Post-operative day 5 1530 ± 710 (range 320 to 6010) 1828 ± 1231 (range 570 to 6010) 1501 ± 633 (range 320 to 4510) 0.531

Mean lymphocyte %

Pre-operative 16.1 ± 9.6 (range 2.9 to 57.5) 18.5 ± 14.2 (range 3.2 to 57.5) 15.9 ± 9 (range 2.9 to 55.3) 0.784

Post-operative day 1 9.4 ± 5.7 (range 1.2 to 58.1) 12.4 ± 12.2 (range 1.2 to 58.1) 9.1 ± 4.5 (range 1.9 to 29.6) 0.643

Post-operative day 5 17.7 ± 7.3 (range 1.2 to 58.2) 18.9 ± 11.2 (range 4.2 to 58.2) 17.6 ± 6.8 (range 1.2 to 40.7) 0.982
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mL. There is no similar method in the literature for quantita-
tive measurement of PWD fluid amount.

To the best of our knowledge, there are no particular stud-
ies about the etiologic factors of PWD following hip HA in
elderly patients. We found that PWD risk was higher in pa-
tients in whom the lateral approach was used and in those with
higher drainage output from the CSD. Outcomes of surgical
approaches used for HA in the treatment of hip fractures were
evaluated in a meta-analysis performed by van der Sijp et al.
and shorter operation time and less blood loss was observed
with posterior approaches compared with lateral [17]. Biber
et al. [18] reported that patients treated with HA for femoral
neck fractures using the lateral approach showed more post-
operative haemorrhage and revision surgery rates due to
haematoma formation than patients treated using the posterior
approach. Patel et al. [14] reported a significant relationship
between drainage output volume and PWD. Ahmed et al. [19]
observed more frequent PWD after THA in hypertensive pa-
tients compared with the normotensive ones and prolonged
bleeding was accused. Although the main cause of PWD is
still unclear, it is thought to be caused by haemorrhage from
the veins in the surgical field [6, 19–21]. As our study results
showed that patients in the PWD group required more blood
transfusions, had more drainage output volumes and
underwent surgery using the lateral approach, we consider that
our results support this theory.

There are various advantages of application of CSD, such
as reduction of hematoma formation, decreased probability of
prolonged wound drainage and lower rate of infection [22].
However, using CSD is no longer recommended after primary
total hip arthroplasty [23]. On the other hand, the utilization of
CSD in revision cases and after proximal femur fractures is
believed to be beneficial due to susceptibility to haematoma
formation. Also, the use of closed drain may be a cause of

prolonged drainage. Strahovnik et al. found that the presence
of closed suction drainage was related with prolonged wound
drainage in total joint arthroplasty cases [22]. However, in that
study, an increased pain and swelling on the thigh was en-
countered much more in the group where CSD was not used.
Since CSDwas utilized for all patients in this study, we cannot
comment on its effect on PWD, but we think that the use of
CSD is helpful in reducing haematoma formation.

Patel et al. [14] showed a relationship between morbid
obesity and PWD formation risk following hip arthroplasty
and explained this by fat necrosis and the requirement for a
larger incision. The BMI value was found to be higher in the
PWD group compared with non-PWD in our study.
Furthermore, when patients with morbid obesity were strati-
fied and logistic regression was performed, morbid obesity
was found to be highly related to PWD. More bleeding due
to the requirement of a larger surgical incision and the fact that
there is more dead space following surgery in those patients
are thought to be the reasons for increased PWD frequency in
morbidly obese patients [24–26].

It is usually recommended to perform irrigation and de-
bridement in patients with prolonged drainage for more than
five to seven days following TJA. Patel et al. [14] reported that
PJI risk increased by 42% each day with prolonged drainage
after the fifth day of THA and recommended open debride-
ment for patients with prolonged drainage lasting longer than
seven days. In our study, patients with decreased daily drain
output were conservatively managed, whereas two patients
with constant daily drainage required irrigation and debride-
ment. We think that a personalized approach can be utilized to
evaluate the daily drainage output. Patients with a gradual
decrease in drainage output can be conservatively managed;
on the other hand, surgical management would be reasonable
in patients with consistent drainage amounts.

Table 3 Multivariate logistic
regression analysis revealed the
most important risk factors for
PWD

95% CI of difference

B* SE* p* Exp(B)

(Odds ratio)

Lower Upper

Approach (lateral) 5.079 1.318 <0.001 160.592 12.131 2125.990

Morbid obesity 4.695 1.311 <0.001 109.448 8.375 1430.261

Drainage output 0.020 0.005 <0.001 1.020 1.011 1.030

Prophylactic antibiotic (clindamycin) 1.322 1.127 0.241 3.752 0.412 34.195

Postop. day 1 Hgb* level −0.412 0.347 0.235 0.663 0.336 1.307

Postop. day 1 Alb* level 0.463 0.944 0.624 1.589 0.250 10.102

Blood transfusion 0.036 0.201 0.856 1.037 0.700 1.537

*Postop. day 1 Hgb postoperative day 1 haemoglobin level

Postop. day 1 Alb postoperative day 1 serum albumin level

B regression coefficient

SE standard error

p statistical significance

1829International Orthopaedics (SICOT) (2020) 44:1823–1831



Our study has several limitations. The fact that surgical
interventions were performed by different surgeons and the
lack of randomization in treatment modalities are foremost
limitations of our study. Not measuring the depth of the inci-
sion, not including the patients who were taken to the inten-
sive care unit following surgery and not measuring the drain-
age volume in those patients are the other limitations of our
study.

Conclusion

In conclusion, 8.9% of elderly patients treated with HA fol-
lowing hip fractures experienced prolonged wound drainage
in our study group. Lateral surgical approach, morbid obesity
and increased closed suction drainage volume were all found
to be related to prolonged wound drainage. We believe that
evaluating the course of daily collected drainage amounts may
help to apply a more personalized management in patients
with prolonged wound drainage.
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