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Effect of Drain Duration and Output on
Perioperative Outcomes and Readmissions after
Lumbar Spine Surgery

Brian Karamian, Parth Kothari, Gregory Toci, Mark James Lambrechts, Jose Canseco,
Jennifer Mao, Raj Narayan, Samuel Alfonsi, Francis Sirch, Nadim Kheir, Nicholas Semenza,
Barrett Woods, Jeffrey Rihn, Mark Kurd, Kris Radcliff, Ian David Kaye, Alan Hilibrand,
Christopher Kepler, Alexander Richard Vaccaro, Gregory Schroeder

Spine Service, Rothman Orthopaedic Institute, Thomas Jefferson University, Philadelphia, PA, USA

Study Design: Single-center retrospective cohort.

Purpose: To compare surgical outcomes of patients based on lumbar drain variables relating to output and duration.

Overview of Literature: The use of drains following lumbar spine surgery, specifically with respect to hospital readmission, postop-
erative hematoma, postoperative anemia, and surgical site infections, has been controversial.

Methods: Patients aged >18 years who underwent lumbar fusion with a postoperative drain between 2017 and 2020 were included
and grouped based on hospital readmission status, last 8-hour drain output (<40 mL cutoff), or drain duration (2 days cutoff). Total out-
put of all drains, total output of the primary drain, drain duration in days, drain output per day, last 8-hour output, penultimate 8-hour
output, and last 8-hour delta (last 8-hour output subtracted by penultimate 8-hour output) were collected. Continuous and categorical
data were compared between groups. Multivariate logistic regression analysis and receiver operating characteristic (ROC) analysis
were performed to determine whether drain variables can predict hospital readmission, postoperative blood transfusions, and postop-
erative anemia. Alpha was 0.05.

Results: Our cohort consisted of 1,166 patients with 111 (9.5%) hospital readmissions. Results of regression analysis did not identify
any of the drain variables as independent predictors of hospital readmission, postoperative blood transfusion, or postoperative ane-
mia. ROC analysis demonstrated the drain variables to be poor predictors of hospital readmission, with the highest area under curve
of 0.524 (drain duration), corresponding to a sensitivity of 61.3% and specificity of 49.9%.

Conclusions: Drain output or duration did not affect readmission rates following lumbar spine surgery.

Keywords: Surgical drain; Hematoma; Reoperation; Patient readmissions; Complications

Introduction mize complications of lumbar spine surgery in over 10% of
patients [1]. However, the use of postoperative drains con-
Postoperative drains have been used by surgeons to mini- tinues to engender significant debate over their efficacy and
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impact on patient outcomes. The primary theoretical ben-
efit of drain utilization is minimization of hematoma for-
mation, which may reduce postoperative pain, neurologic
compression, and reduce the risk of surgical site infections
(SSI) [2,3]. While drains can reduce the saturation rate of
wound dressing and the incidence and size of postopera-
tive hematomas, the risk of anemia and allogeneic blood
transfusions increase [4-8]. Additionally, clinical outcomes,
hematoma formation, or SSI are not significantly different
between patients with and without drains [9,10].

Drains continue to be used in spine surgery despite
the greater risk of blood loss and the subsequent elevated
transfusion rates, as well as retained drain fragments re-
quiring reoperation and cerebrospinal fluid (CSF) leaks
[11,12]. The relationship between drain utilization and in-
creased transfusion requirements may increase the risk for
SSI due to immunosuppressive response to the allogeneic
blood [4,8,13]. Currently, there is conflicting evidence re-
garding the increased risk of SSI due to drain placement,
although most evidence points to no significant differ-
ences based on drain use [7,14-16].

At present, a consensus on protocols for the manage-
ment of postoperative lumbar spine drains is lacking,
specifically for determining when they should be used
and when they should be discontinued [2]. Therefore, this
study was aimed to determine whether specific drain us-
age variables can predict hospital readmission, postopera-
tive blood transfusion, or postoperative anemia.

Materials and Methods

1. Study design and data acquisition

This study was approved by the Institutional Review
Board at Thomas Jefferson University (Control #19D.508),
and the requirement for patient informed consent was
waived due to the minimal risk to subjects and the study’s
retrospective nature. A structured query language (SQL)
search of current procedural terminology codes 22612,
63047, 63030, and 63042 were used to identify patients
who underwent lumbar fusion or decompression and fu-
sion between 2017 and 2020 at a single academic institu-
tion. Inclusion criteria were age of 18 years and placement
of a postoperative lumbar suction drain. The exclusion
criterion was incomplete drain documentation. A total of
1,166 patients were finally included in the study cohort.
The electronic medical record (EMR) was retrospectively

reviewed for drain data including the number of drains,
date and time of drain removal, total drains and primary
drain outputs, output volume over last 8-hour shift, and
output volume over the penultimate 8-hour shift. In cases
with multiple drains, the output volumes of each drain
over the last or penultimate 8-hour shift were totaled if the
drains were removed at the same time. In the case of mul-
tiple drains, the primary drain was considered the drain
with the longest postoperative duration. If the patient
only had one postoperative drain, then the primary drain
output and total drain output were identical. If removal
was sequential, the last or penultimate 8-hour output
was recorded. SQL retrieved age, sex, body mass index,
and American Society of Anesthesiologists score, length
of stay, hospital readmission, and Charlson comorbid-
ity index (CCI). The EMR was reviewed for surgical data
including the number of levels fused or decompressed, if
a patient required surgery during hospital readmission
and if it was due to a wound complication, if a patient re-
quired postoperative blood transfusion, number and type
of units transfused, and if a patient had a postoperative
hemoglobin level below 8 g/dL (representing “postopera-
tive anemia”).

2. Statistical analysis

Drain variables included total output of all drains, to-
tal output of the primary drain, drain duration in days,
drain output per day, last 8-hour output, penultimate
8-hour output, and last 8-hour delta (last 8-hour output
subtracted by penultimate 8-hour output). Descriptive
statistical analysis was conducted to determine the mean
and standard deviation for patient demographic, surgical,
and readmission data. Patients were grouped based on re-
admission status, and last 8-hour drain output total drain
duration. Those with final 8-hour drain output 240 mL
were included in the greater drain output (GDO) group,
while those with <40 mL were included in the lower drain
output (LDO) group; grouping based on drain duration
used a cutoff timepoint of 2 days. Independent ¢-tests
were utilized for continuous data to compare differences
between two groups. For non-parametric data, Mann-
Whitney U tests were used. Pearson’s chi-square test was
used for any categorical data. Logistic regression was
performed to identify factors associated with hospital
readmission, postoperative blood transfusion, and post-
operative anemia using each drain variable separately in
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order to limit the effect of collinearity. Receiver operating
characteristic (ROC) curves were generated using drain
variables in an attempt to identify variables predictive of
hospital readmission, postoperative blood transfusion, or
postoperative anemia based on area under curve (AUC),
and cutoffs that maximized sensitivity and specificity were
reported with their corresponding values. Data were im-

ported to R Studio ver. 4.0.2 (RStudio, Boston, MA, USA)
for statistical analysis. All p-values <0.05 were considered
statistically significant.

Results

Of the 1,166 total patients included in the cohort, there

Table 1. Patient characteristics, drain data, and surgical characteristics based on hospital readmission status

Characteristic Not readmitted Readmitted p-value
No. of patients 1,055 M
Demographics
Age (yr) 64.0+11.4 65.7+10.7 0.142
Body mass index (kg/m?) 30.2+6.27 30.8+6.25 0.507
Sex 0.641
Female 524 (49.7) 52 (46.8)
Male 531(50.3) 59(53.2)
Race 0.063
Black/African American 106 (10.0) 15(13.5)
Other 146(13.8) 12(10.8)
Unreported 57 (5.40) 12(108)
White 746 (70.7) 72 (64.9)
American Society of Anesthesiologists score 2.46+0.68 2.53+0.63 0.237
Charlson comorbidity index 0.77£1.16 1.16+1.35 <0.001*
Drain
Total drain output (mL) 6424513 6244653 0.109
Primary drain output (mL) 5914417 570+453 0.226
Drain duration (day) 2.45¢1.11 2.48+1.47 0.821
Average drain output (mL/day) 261+139 256+170 0122
Last 8-hour output (mL) 29.9+295 295+37.9 0.070
Penultimate 8-hour output (mL) 40.8+36.4 3944476 0.030%
Last 8-hour delta (mL) -10.92+35.9 -9.89+39.9 0.403
Surgical characteristics
Length of stay (day) 3.73+3.42 4.02+2.32 0.068
No. of levels fused 1.91+1.57 2.09+2.01 0.694
No. of levels decompressed 2.16+1.01 2214113 0.905
Transfusion 91(8.63) 12(10.8) 0.551
Frozen plasma 3(33) 0
Platelets 3(33) 0
Red blood cells 85(93.4) 12(100.0)
Transfusion units 1.78+1.05 1.83+1.11 0.928
Postoperative anemia 154 (14.6) 24(21.6) 0.069

Values are presented as number, meansstandard deviation, or number (%).
*p<0.05 (statistical significance).
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were 111 (9.5%) hospital readmissions, of which 44 were reoperations were unrelated to drain placement and in-
classified as surgical complications and 38 required reop- cluded persistent CSF leaks that occurred during the sur-
eration. Of those with a reoperation, five were for symp- gical procedure and recurrent stenosis. Of the remaining
tomatic hematomas and 16 were for SSI. The remaining hospital readmissions not deemed surgical complications,

Table 2. Patient characteristics, drain data, and surgical characteristics based on last 8-hour drain output

Characteristic Lesser drain output” Greater drain output” p-value
No. of patients 822 344
Demographics
Age (yr) 64.5+11.4 63.3+11.2 0.067
Body mass index (kg/m?) 30.3+6.20 30.1+6.43 0418
Sex 0.754
Female 409 (49.8) 167 (48.5)
Male 413(50.2) 177 (515)
Race 0.692
Black/African American 91(11.1) 30(8.72)
Other 110(13.4) 48(14.0)
Unreported 48 (5.84) 21(6.10)
White 573(69.7) 245(71.2)
American Society of Anesthesiologists score 2474067 2.45+0.68 0.391
Charlson comorbidity index 0.82+1.23 0.77£1.07 0.761
Drain
Total drain output (mL) 613+524 7054531 <0.001*
Primary drain output (mL) 556413 668+427 <0.001*
Drain duration (day) 2.57+1.15 2.17+1.08 <0.001*
Average drain output (mL/day) 2324128 329+149 <0.001*
Last 8-hour output (mL) 14.9+10.8 65.6+32.1 <0.001*
Penultimate 8-hour output (mL) 30.3+28.6 65.5+44.2 <0.001*
Last 8-hour delta (mL) -15.41426.2 0.14+51.6 <0.001*
Surgical characteristics
Length of stay (day) 3.87+264 3.50+4.58 <0.001*
No. of levels fused 1.88+1.56 2.06+1.72 0.061
No. of levels decompressed 2.13+1.01 2.23+1.06 0.174
Hospital readmission 84(10.2) 27(7.85) 0.251
Surgery during readmission 28(33.3) 10(37.0) 0.905
Surgery for wound complication 15(53.6) 4(40.0) 0713
Transfusion 76 (9.25) 27 (7.85) 0513
Frozen plasma 2(2.63) 1(3.70)
Platelets 2(263) 1(3.70)
Red blood cells 72(94.7) 25(92.6)
Transfusion units 1.75+1.06) 1.89+1.05 0.373
Postoperative anemia 132(16.1) 46 (13.4) 0.283

Values are presented as number, meansstandard deviation, or number (%).
*p<0.05 (statistical significance). *<40 mL at last 8-hour output. ">40 mL at last 8-hour output.
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none required blood transfusions or required supportive
measures due to perceived hypotension potentially caused
by the surgery or drain placement. Patients who were re-
admitted had a higher CCI (1.16 versus 0.77, p<0.001) as
well as decreased penultimate 8-hour drain output (39.4
mL versus 40.8 mL, p=0.030). There were no other signifi-
cant differences among groups (Table 1).

When stratifying by the final 8-hour drain output, 344
patients (29.5%) were placed into the GDO group, while
the remaining 822 (70.5%) were in the LDO group. By
definition, the final 8-hour drain output was larger in the
GDO group (65.6 mL versus 14.9 mL, p<0.001) than the
LDO group. However, demographic characteristics, hos-
pital readmissions (GDO [7.85%] versus LDO [10.2%],
p=0.251), postoperative blood transfusions (GDO 7.85%
versus LDO 9.25%, p=0.513), or postoperative anemia
(GDO 13.4% versus LDO 16.1%, p=0.283) were not sig-
nificantly different (Table 2).

When recategorizing patients by drain duration, 480
patients (41.2%) had a drain duration longer than 2 days,
while 686 (58.8%) had a drain duration of 2 days or less.
The >2-day drain duration group was significantly older
(65.1 years versus 63.4 years, p=0.029) and had a higher
proportion of women (54.2% versus 46.1%, p=0.008), sig-
nificantly longer length of hospital stay (4.86 versus 2.99,
p<0.001), more levels fused (2.31 versus 1.57, p<0.001)
and decompressed (2.33 versus 2.05, p<0.001), and higher
rate of postoperative blood transfusions (15.6% versus
4.08%, p<0.001) and postoperative anemia (21.9% versus
10.6%, p<0.001). Meanwhile, readmission rate was not
significantly different between groups (>2 days [10.2%]
versus <2 days [9.04%], p=0.569) (Table 3).

Results of multivariate logistic regression analysis revealed
that none of the drain variables were independent predic-
tors of hospital readmission, postoperative blood transfu-
sion, or postoperative anemia (Table 4). An ROC curve was
generated for each drain variable with the goal of predict-
ing hospital readmission. The last 8-hour drain output had
the highest AUC with a value of 0.524 (sensitivity, 61.3%;
specificity, 49.9%) (Fig. 1). ROC curve analysis aimed at
identifying risk factors for postoperative blood transfusions
found drain duration to have the highest AUC, with a value
of 0.729 (sensitivity, 72.8%; specificity, 61.9%) (Fig. 2). Simi-
larly, ROC curve analysis targeted at identifying the greatest
predictor for postoperative anemia found drain duration
to have the highest AUC, with a value of 0.646 (sensitivity,
58.9%; specificity, 62.0%) (Fig. 3, Table 5).

Discussion

Drains have historically been used after spine surgery to

Table 3. Patient characteristics, drain data, and surgical characteristics based
on drain duration

Characteristic >2Days  p-value

No. of patients 686 480

Demographics
Age (yr) 63.4+11.6 65.1+10.9 0.029*
Body mass index (kg/m?’) 30.2+6.11 30.4+6.49 0.752
Sex 0.008*

Female 316 (46.1) 260 (54.2)

Male 370(53.9) 220 (45.8)

Race 0.377

Black/African American 71(10.3) 50(10.4)

Other 88(12.8) 70(14.6)

Unreported 35(5.10) 34(7.08)

White 492 (71.7) 326(67.9)
Ag;’f::ofe"mew of Anesthesiolo-  ye068  248:088 0726
Charlson comorbidity index 0.78+1.16 0.84+1.21 0.440

Drain
Total drain output (mL) 455+266 9054675 <0.001*
Primary drain output (mL) 4514264 7864514 <0.001*
Drain duration (day) 1.72+0.45 3504102  <0.001*
Average drain output (mL/day) 265+150 254+130 0.084
Last 8-hour output (mL) 34.7+32.7 22.9+25.3 <0.001*
Penultimate 8-hour output (mL) 46.4+40.4 324313  <0.001*
Last 8-hour delta (mL) -11.74+40.1 -9.50+30.1 0.309
Surgical characteristics

Length of stay (day) 2.99+1.86 486+447  <0.001*
No. of levels fused 1.57+1.03 231199  <0.001*
No. of levels decompressed 2.05+0.93 233+1.13  <0.001*
Hospital readmission 62(9.04) 49(10.2) 0.569
Surgery during readmission 18(29.0) 20(40.8) 0.272
Surgery for wound complication 11(61.1) 8(40.0) 0.330
Transfusion 28(4.08) 75(15.6)  <0.001*
Frozen plasma 1(3.57) 2(2.67)

Platelets 1(3.57) 2(2.67)

Red blood cells 26(929) 71(94.7)

Transfusion units 1.68+0.86 1.83£1.12 0.776
Postoperative anemia 73(10.6) 105(219)  <0.001*

Values are presented as number, meansstandard deviation, or number (%).
*p<0.05 (statistical significance).
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Table 4. Logistic regressions for hospital readmission, postoperative blood transfusion, and postoperative anemia

Hospital readmission

Predictor”
Odds ratio p-value

Total drain output (mL) 1.00 0.688
Primary drain output (mL) 1.00 0.644
Drain duration (day) 0.94 0.591
Average drain output (mL/day) 1.00 0.615
Last 8-hour output (mL) 1.00 0.604
Penultimate 8-hour output (mL) 1.00 0.713
Last 8-hour delta (mL) 1.00 0.959

Postoperative transfusion Postoperative anemia

0dds ratio p-value Odds ratio
1.00 0.332 1.00 0.603
1.00 0.284 1.00 0.718
0.99 0.907 1.08 0.417
1.00 0.202 1.00 0.685
1.00 0.860 1.00 0.629
1.00 0.694 1.00 0.821
1.00 0.804 1.00 0.523

“Regressions were performed with the corresponding drain variable in addition to age (years), length of stay (days), and number of levels fused as independent vari-

ables.

Table 5. Receiver operating characteristic curve values for each drain variable

Hospital readmission
Variable

AUC  Sensitivity Specificity  Cutoff

Postoperative transfusion Postoperative anemia

AUC Sensitivity Specificity Cutoff Sensitivity ~ Specificity

Total drain output (mL) 117500 0454 0.108 0.920 817.00 0696 0533 0.783 505.00 0617 0.735 0.448
Primary drain output (mL) 8500 0465 0973 0.054 45000 0644 0.815 0.401 505.00 0581 0.674 0.466
Drain duration (days) 300 04% 0.441 0.591 0.729 0.728 0619 300 0646 0589 0.620
Average drain output (mL/day) 45000 0455 0.108 0.937 25350 0554 0.611 0516 37500 0525 0.207 0.866
Last 8-hour output (mL) 86.00 0448 0.099 0.955 10200 0465 0.048 0974 165.00 0475 0.022 0.993
Penultimate 8-hour output (mL) ~ 110.00  0.438 0.117 0.942 13000 0459 0.038 0.967 14000 0459 0.039 0974
Last 8-hour delta (mL) -7.00 0524 0613 0.499 0517 0.456 0.588 -28.00 0509 0.808 0.241
AUC, area under curve.
— Total drain (all) i
109" Total drain (primary) 10
-Drain output per day
0.8 - Penultimate 8-hour drain 0.84
=== Delta last shift =
% 064 ro.tosf lri]ays dre;int S 06
E asté-nour outpu 2 ~"_ Total drain (all)
o 044 2 a -~ Total drain (primary)
%] @ 04 Drain output per day
Penultimate 8-hour drain
0.2 02 - Delta last shift
No. of days drain
04 : : : 0 ~— Last 8-hour output
0 0.2 04 - .0..6 0.8 1.0 0 02 04 06 08 10
1-Specificity 1-Specificity

Fig. 1. Receiver operating characteristic curve of hospital readmission based
on drain variables.

reduce postoperative epidural hematomas that can poten-
tially compress the spinal cord or nerve roots. These com-
plications are associated with significant patient morbidity
and can lead to increased health care costs and resource
utilization [17]. However, the utility of postoperative
drains in preventing wound complications and readmis-

Fig. 2. Receiver operating characteristic curve of postoperative transfusion
based on drain variables.

sions in spinal surgery has been controversial [14,18]. Our
data suggest there may not be a benefit to drain usage in
decreasing readmission rates, and the majority of drain
variables were more accurate in predicting postoperative
blood transfusions or anemia rather than hospital read-



I pJl| Brian Karamiann et al. Asian Spine ] 2023;17(2):262-271

~ Total drain (all)
1.0 Total drain (primary)
Drain output per day
0.8 - Penultimate 8-hour drain

-~ Delta last shift
No. of days drain

g
£ 061 Last 8-hour output
2
<4}
3 04

0.2 1

O_ T T T T
0 0.2 04 0.6 0.8 1.0
1-Specificity

Fig. 3. Receiver operating characteristic curve of postoperative anemia based

on drain variables.

mission.

In 2005, a retrospective database study of 14,932 pa-
tients undergoing spinal surgery found that drains were
not associated with a decreased risk of postoperative spi-
nal epidural hematoma [19]. Instead, multiple operative
levels, anemia, and excessive blood loss were predictive of
epidural hematoma formation, the results of which have
been corroborated by a National Surgical Quality Im-
provement Program study of 75,878 lumbar decompres-
sion procedures [20]. A multicenter study has also ques-
tioned the degree to which drains reduce development of
epidural hematomas, citing that symptomatic hematomas
still occurred in the majority of patients managed with
postoperative drains [21]. Accordingly, patient selection
and perioperative factors such as medical management
of bleeding and surgical hemostasis may play a more sig-
nificant role than drains in reducing SSI and hematoma
formation. While a prospective randomized study dem-
onstrated that both the incidence and size of postopera-
tive hematomas decreased after a drain was inserted fol-
lowing lumbar disc surgery and that late clinical outcomes
were not significantly different between patients with and
without a drain, the incidence of symptomatic hematomas
or SSI was not determined [6]. Therefore, postoperative
drains do function to reduce the size of postoperative
hematomas, but their use does not appear to have clinical
relevance in reducing postoperative complications from
the hematoma formation.

Despite the aforementioned evidence, many surgeons
continue to postoperatively use drains. Therefore, evi-
dence-based guidelines should be established to deter-
mine how long drains need to remain in place when used
postoperatively. A retrospective case-control analysis of

SSIs following posterior spine fusion found that the risk
for SSI increased for every 1.6 days that a drain was pres-
ent [15]. Another retrospective case-control study of both
laminectomy and fusion procedures identified drain du-
ration of greater than 3 days as a risk factor for SSI [22].
Our study found that using a 2-day threshold for drain
removal was not associated with an increase readmission
rate after surgery. Additionally, multivariate regression
and ROC analysis utilizing drain duration as a continuous
variable demonstrated that removing a drain after 2 post-
operative days was not an effective predictor of hospital
readmission (AUC: 0.494), but it was a strong predictor of
requiring postoperative blood transfusion (AUC: 0.729).
This has major implications for clinical practice, especially
for the patient who are medically cleared for discharge
but remain in the hospital due to the presence of a drain.
These findings also suggest that drains in lumbar spine
surgery can be removed within the first 2 days regardless
of drain output without increasing complication rates
including readmission. Further, our results demonstrate
that patients in the GDO group had drains in place for a
significantly shorter period of time and had a shorter hos-
pital stay, while patients with drains maintained for great-
er than 2 days had significantly longer lengths of stay. A
retrospective cohort study of multilevel anterior cervical
discectomy and fusion in 321 patients similarly observed
an almost two-fold longer length of stay for patients with
postoperative drain placement. Moreover, the incidence
of postoperative hematomas or SSI were not significantly
different in patients with and without drains [23].

While many studies have compared the absence or
presence of a drain, none have proposed recommended
thresholds for removal based on drain output volumes. A
retrospective case-control study found that postoperative
drain output was a risk factor for symptomatic epidural
hematomas (SEH) after lumbar decompression. However,
the mean drain output for patients that developed SEH
was actually less than patients that did not develop SEH
[24]. While the exact reason for this finding is unclear, it
could be possible that those who developed SEH may have
had technical issues with their drains. Regardless, it com-
plicates the interpretation of drain outputs in the post-
operative spine patient. Drains are susceptible to many
technical issues once placed, including loss of suction,
clotting of the drain, or unintended premature removal.
An additional retrospective case-control study found that
the most important tool for early diagnosis of postop-
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erative epidural hematomas was the clinical evaluation,
not drain output [19]. In our study, we collected data on
the drain output over the last 8-hour shift prior to drain
removal and the penultimate 8-hour period and found
that the GDO group did not have a higher incidence of
readmissions, readmissions due to wound complications,
or surgery if they were readmitted. Furthermore, multi-
variate regression and ROC analysis demonstrated that
drain output over the last 8-hour shift was not an effec-
tive predictor of readmission. The findings of the present
study are consistent with those of other studies that have
demonstrated that drains do not significantly influence
rates of symptomatic hematoma formation, neurologic
deficit, or SSI, in that the maximum drain output or mini-
mum drain duration are not necessary clinical parameters
to determine when to pull drains [25,26]. If surgeons are
inclined to place a postoperative drain, the drain may be
pulled on the first postoperative day without concern for
increasing postoperative complications. Further, early
drain removal may minimize blood loss, while reducing
the hospital length of stay.

The study had some limitations, including those inher-
ent to retrospective study design. Wound drainage that
did not require a revision surgery and the preoperative
use of anticoagulants were not evaluated. While general
comorbidity indexes were compared, specific factors such
as tobacco use, diabetes, malignancy, history of spine
trauma, and prior spine surgery have been identified as
potential risk factors for increased postoperative bleeding
and wound complications and these were not specifically
evaluated in our analysis [15,19,20,27,28]. Further, on
ROC analysis, surgical characteristics, such as the number
of levels fused or decompressed, were not adjusted, which
might have introduced bias to our findings. Therefore,
while this study may be generalizable to short construct
lumbar fusion, our data should be cautiously interpreted
for longer construct lumbar fusions or thoracolumbar fu-
sions, especially for adult deformity procedures.

Conclusions

Drain output and drain duration are not accurate predic-
tors for postoperative complications or hospital read-
mission due to hematoma formation. Surgeons should
consider prompt removal of drains, especially in short
construct lumbar fusions, to minimize blood loss and
hospital length of stay.
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