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Introduction: Septic shock, largely caused by intestinal perforation, is the most common
critical illness in intensive care unit (ICU). As an important quality control strategy in ICU,
deep vein thrombosis (DVT) prevention is routinely used in the treatment of septic shock.
Nevertheless, the effects of DVT prevention on septic shock are not fully revealed. This
study was thus designed to investigate the effects of DVT prevention on septic shock
caused by intestinal perforation in China.

Methods: A total of 463 hospitals were enrolled in a survey, led by the China
National Critical Care Quality Control Center (China NCCQC) from January 1,
2018 to December 31, 2018. The association between DVT prevention, including
pharmacological prophylaxis and mechanical prophylaxis, and outcomes, such as
prognosis, complications, hospital stays, and hospitalization costs, was determined in
the present study.

Main Results: Notably, the increased rates of DVT prevention were not associated with
the onset of complications in patients with septic shock caused by intestinal perforation
(o > 0.05). In addition, even though increased DVT prevention did not affect hospital
stays, it significantly decreased the discharge rates without doctor’s order in patients
with septic shock caused by intestinal perforation (o < 0.05). Nevertheless, it should be
noted that the rates of pharmacological prophylaxis but not mechanical prophylaxis were
significantly associated with the costs of septic shock caused by intestinal perforation
(o < 0.05). Although increased total rates of DVT prevention and the rates of mechanical
prophylaxis did not reduce the mortality in patients with septic shock caused by intestinal
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perforation, the higher frequent intervention using pharmacological prophylaxis indicated
the lower mortality of these patients (p < 0.05).

Conclusions: DVT prevention by any means is a safe therapeutic strategy for treating
septic shock caused by intestinal perforation, and pharmacological prophylaxis reduced
the mortality of patients with septic shock caused by intestinal perforation.

Keywords: deep vein thrombosis (DVT), pharmacological prophylaxis, mechanical prophylaxis, septic shock,

intestinal perforation

INTRODUCTION

Septic shock is the most common critical illness in intensive care
unit (ICU), with long hospital stay, high cost, and high mortality
(1-3). Intestinal perforation is one of the important causes of
septic shock (4, 5). Sepsis leads to complications in coagulation
patients (6). Severe sepsis predisposes patients toward deep
vein thrombosis (DVT) due to risk factors. Thromboembolic
complications are observed in approximately one out of every
32 severe sepsis patients in India (7). The incidence of proximal
DVT among medical patients hospitalized for at least two days
was 2% for the year 2006 in China (8). Loss of DVT can
lead to pulmonary embolism, hypoxemia and even death (9).
DVT prevention rate is an important quality control index in
ICU (10). DVT prophylaxis methods include pharmacological
prophylaxis and mechanical prophylaxis (11). There are few
reports on effects of DVT prevention on patients with septic
shock caused by intestinal perforation. The purpose of this study
is to investigate effects of DVT prevention on septic shock caused
by intestinal perforation and to find a new way for the treatment
of such patients.

METHODS
Study Design

In this survey, 463 hospitals were enrolled in the Quality
Improvement of Critical Care Program (QICC Program), led
by the China National Critical Care Quality Control Center
(China-NCCQC). These hospitals admitted 10,310 septic shock
patients with intestinal perforation. The data were collected
between January 1, 2018 and December 31, 2018. Informed
consent was obtained from every study participating hospital. All
information of participating hospitals and patients were list in
Supplementary Tables 1, 2.

In this study, prevention methods of DVT include
pharmacological prophylaxis and mechanical prophylaxis.
The outcomes included hospital stays, hospitalization costs,
complications, and prognosis. The complications included
acute respiratory distress syndrome (ARDS), acute kidney
injury (AKI), and acute liver failure (ALF). Based on data
obtained from this survey, we will analyze effects of different

Abbreviations: ICU, intensive care unit; DVT, deep vein thrombosis; QICC
Program, Quality Improvement of Critical Care Program; China-NCCQC, China
National Critical Care Quality Control Center; ARDS, acute respiratory distress
syndrome; AKI, acute kidney injury; ALE, acute liver failure.

DVT prevention methods on septic shock caused by intestinal
perforation in China.

The authors are accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity of
any part of the work are appropriately investigated and resolved.
The study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013). The central institutional review
board approved the trial protocol at Peking Union Medical
College Hospital (No. S-K1297), and individual consent for this
retrospective analysis was waived.

The datasets supporting the conclusions of this article are
included within the article and its additional files.

Data Analysis

Statistical analysis was performed using SPSS software, version
16.0 (Chicago, IL, USA). All of the data are compared using trend
test. All of the statistical tests were two-tailed, and a p < 0.05 was
considered to be statistically significant.

RESULTS

Relationship Between DVT Prevention and

Complications

The increased rates of DVT prevention by any means were
independent of complications in patients with septic shock
caused by intestinal perforation (Table 1).

Relationship Between DVT Prevention and
Hospital Stay

The increased rates of DVT prevention by any means were
independent of hospital stays in patients with septic shock caused
by intestinal perforation. Nearly half of the hospitals had <80%
DVT prevention rates. The rates of pharmacological prophylaxis
were <20% in a third of the hospitals. Most patients were
hospitalized for <20 days (Table 2).

Relationship Between DVT Prevention and

Hospitalization Costs

The total rates of DVT prevention and the rates of mechanical
prophylaxis were not associated with the costs of septic shock
caused by intestinal perforation. However, increased rates of
pharmacological prophylaxis increased costs in patients with
septic shock caused by intestinal perforation (p < 0.05) (Table 3).
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TABLE 1 | Relationship between deep vein thrombosis (DVT) prevention and
complications.

Rates (n%) ARDS P for AKI P for ALF P for
trend trend trend

DVT prevention 0.78 0.02 0.02

<80 142 (2.69) 548 (10.38) 68 (1.29)

80~ 8(1.20) 64 (9.64) 2 (0.30)

85~ 22 (2.28) 104 (10.80) 16 (1.66)

90~ 27 (3.15) 71(8.28) 8(0.93)

95~ 68 (2.67) 225 (8.84) 16 (0.63)

Rates of 0.32 0.62 0.39

pharmacological

prophylaxis

<20 88 (2.47) 321 (9.02) 39 (1.10)

20~ 42 (2.49) 182 (10.78) 20 (1.18)

30~ 13 (1.00) 131 (10.08) 13 (1.00)

40~ 66 (5.92) 143 (12.84) 18 (1.62)

50~ 58 (2.19) 235 (8.87) 20 (0.76)

Rates of 0.48 0.06 0.19

mechanical

prophylaxis

<30 70 (2.41) 306 (10.53) 41 (1.41)

30~ 59 (3.17) 168 (9.03) 16 (0.86)

50~ 59 (3.01) 225 (11.49) 21(1.07)

70~ 43 (2.03) 184 (8.67) 22 (1.04)

90~ 36 (2.46) 129 (8.81) 10 (0.68)

ARDS, acute respiratory distress syndrome; AKI, acute kidney injury; ALF, acute
liver failure.

Relationship Between DVT Prevention and

Prognosis

The improvement of the total rates of DVT prevention and the
rates of mechanical prophylaxis increased the discharge rates
under doctor’s order (p < 0.05), decreased the discharge rates
without doctor’s order (p < 0.05), and was not associated with
mortality. The increased rates of pharmacological prophylaxis
increased the discharge rates under doctor’s order, decreased the
discharge rates without doctor’s order, and reduced mortality of
patients with septic shock caused by intestinal perforation (p <
0.05) (Table 4).

DISCUSSION

This study found that the increased rates of DVT prevention
were not associated with the onset of complications in patients
with septic shock caused by intestinal perforation. In addition,
even though increased DVT prevention did not affect hospital
stays, it significantly decreased the discharge rates without
doctor’s order in patients with septic shock caused by intestinal
perforation. Nevertheless, it should be noted that the rates of
pharmacological prophylaxis but not mechanical prophylaxis
were significantly associated with the costs of septic shock caused
by intestinal perforation. Although increased total rates of DVT
prevention and the rates of mechanical prophylaxis did not

reduce the mortality in patients with septic shock caused by
intestinal perforation, the higher frequent intervention using
pharmacological prophylaxis indicated the lower mortality of
these patients.

The coagulation disorder of sepsis manifests from mild
alterations to disseminated intravascular coagulation (12).
First, the coagulation system is activated through the effect
of chemical mediators on endothelium and monocytes in
sepsis. Second, pro-inflammatory cascade leads to indirect
coagulation. Sepsis predisposes patients toward DVT due to risk
factors such as advanced age, chronic cardiopulmonary disease,
recent surgery, immobilization, in-dwelling vascular catheters,
and previous DVT history (13). The international guidelines
recommend DVT prophylaxis with low-dose unfractionated
heparin or daily low molecular weight heparin (LMWH) in
patients with severe sepsis unless contraindicated. Moreover,
patients with a contraindication for heparin should receive
mechanical prophylactic devices (14). Nevertheless, the safety
and effectiveness of DVT prevention on septic shock caused by
intestinal perforation are not fully revealed. So we design this
study to investigate the effects of DVT prevention on septic shock
caused by intestinal perforation in China.

In theory, DVT causes pulmonary embolism, which causes
ARDS. Therefore the increased rates of DVT prevention should
reduce the occurrence of ARDS. However, due to the low
proportion of severe pulmonary embolism caused by DVT (15),
the increased rates of DVT prevention was not associated with
the occurrence of ARDS in patients with septic shock caused
by intestinal perforation in our research. One study found that
the use of pharmacomechanical thrombolysis for treatment of
acute DVT conferred a risk of AKI that will progress to chronic
renal failure in a small fraction of affected patients (16). Another
study found that patients prescribed >28 days of postoperative
DVT prophylaxis exhibited significantly lower rates of AKI as
compared to those prescribed short-duration prophylaxis (17).
In our study, the increased rate of DVT prevention was not
associated with the occurrence of acute kidney injury and acute
liver failure in patients with septic shock caused by intestinal
perforation. The differences in the results of these studies may
be due to the different populations they included. Compared
with common postoperative patients, there are too many factors
affecting the occurrence of acute kidney injury and acute liver
failure in patients with septic shock. In a word, our study showed
that DVT prevention by any means is a safe therapeutic strategy
for treating septic shock caused by intestinal perforation, and the
increased rates of DVT prevention were not associated with the
onset of complications.

Hospital stay is an important index to measure the therapeutic
effect of sepsis and septic shock. This survey found that increased
DVT prevention did not change hospital stays in patients with
septic shock caused by intestinal perforation. There are several
reasons for above result. On the one hand, DVT itself will not
directly affect the length of hospital stay (18); on the other
hand, there are many factors affecting the length of hospital stay
in patients with septic shock caused by intestinal perforation
(19-21). One single intervention may not change the hospital
stays eventually.
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TABLE 2 | Relationship between deep vein thrombosis (DVT) prevention and hospital stay.

Hospital stay (day) 1-10 11-20 21-30 >31 P for trend
Rates of DVT prevention (n%) 0.93
<80 1,852 (35.07) 1,893 (35.85) 821 (15.55) 715 (13.54)

80~ 256 (38.55) 235 (35.39) 82 (12.35) 91 (13.70)

85~ 359 (37.28) 319 (33.13) 145 (15.06) 140 (14.54)

90~ 289 (33.68) 292 (34.03) 156 (18.18) 121 (14.10)

95~ 914 (35.93) 898 (35.30) 397 (15.61) 335 (13.17)

Rates of pharmacological prophylaxis (n%) 0.57
<20 1,256 (35.28) 1,268 (35.62) 556 (15.62) 480 (13.48)

20~ 627 (37.14) 607 (35.96) 252 (14.93) 202 (11.97)

30~ 473 (36.38) 480 (36.92) 170 (13.08) 177 (13.62)

40~ 401 (36.00) 381 (34.20) 177 (15.89) 155 (13.91)

50~ 913 (34.48) 901 (34.03) 446 (16.84) 388 (14.65)

Rates of mechanical prophylaxis (n%) 0.60
<30 972 (33.46) 1,050 (36.14) 486 (16.73) 397 (13.67)

30~ 693 (37.26) 654 (35.16) 271 (14.57) 242 (13.01)

50~ 727 (37.13) 673 (34.37) 288 (14.71) 270 (13.79)

70~ 773 (36.41) 741 (34.90) 330 (15.54) 279 (13.14)

90~ 505 (34.49) 519 (35.45) 226 (15.44) 214 (14.62)

TABLE 3 | Relationship between deep vein thrombosis (DVT) prevention and hospitalization costs.

Costs (RMB) (thousand yuan) <30 30-59.9 60-89.9 >90 P for trend
Rates of DVT prevention (n%) 0.30
<80 1,367 (25.89) 1,671 (31.64) 896 (16.97) 1,347 (25.51)

80~ 186 (28.01) 187 (28.16) 117 (17.62) 174 (26.20)

85~ 172 (17.86) 277 (28.76) 186 (19.31) 328 (34.06)

90~ 233 (27.16) 266 (31.00) 160 (18.65) 199 (23.19)

95~ 656 (25.79) 862 (33.88) 438 (17.22) 588 (23.11)

Rates of pharmacological prophylaxis (n%) <0.01
<20 984 (27.64) 1,157 (32.5) 574 (16.12) 845 (23.74)

20~ 451 (26.72) 520 (30.81) 302 (17.89) 415 (24.59)

30~ 269 (20.69) 426 (32.77) 233 (17.92) 372 (28.62)

40~ 236 (21.18) 359 (32.23) 190 (17.06) 329 (29.53)

50~ 674 (25.45) 801 (30.25) 498 (18.81) 675 (25.49)

Rates of mechanical prophylaxis (n%) 0.91
<30 763 (26.27) 930 (32.01) 490 (16.87) 722 (24.85)

30~ 458 (24.62) 595 (31.99) 353 (18.98) 454 (24.41)

50~ 474 (24.21) 584 (29.83) 336 (17.16) 564 (28.80)

70~ 518 (24.40) 660 (31.09) 384 (18.09) 561 (26.42)

90~ 401 (27.39) 494 (33.74) 234 (15.98) 335 (22.88)

From the foregoing, DVT prevention was not associated
with the hospital stays in patients with septic shock caused by
intestinal perforation. At the same time, mechanical prophylaxis
itself is free or only a small charge in China (22), so increased
mechanical prophylaxis did not affect the costs of patients with
septic shock caused by intestinal perforation in this survey.
Unlike mechanical prophylaxis, drugs to prevent DVT, such as
low-molecular-weight heparin, are expensive (23), so increased
pharmacological prophylaxis naturally lead to increased costs

for patients with septic shock caused by intestinal perforation
in China. How to control and even reduce the cost of DVT
prevention is a subject that needs to be studied in future.

The increased rates of DVT prevention reduces the risk
of pulmonary embolism in theory, leading to a reduction
in expected mortality. Lower expected mortality lead to a
reduction in the discharge rates without doctor’s order. We
observed that increased DVT prevention significantly decreased
the discharge rates without doctor’s order in patients with septic
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TABLE 4 | Relationship between deep vein thrombosis (DVT) prevention and prognosis.

Rates (n%) Discharge under P for trend Discharge without P for trend Death P for trend
doctor’s order doctor’s order

DVT prevention <0.01 0.04 0.58
<80 3,164 (59.91) 1,150 (21.78) 615 (11.65)

80~ 424 (63.86) 107 (16.11) 90 (13.55)

85~ 583 (60.54) 182 (18.90) 149 (15.47)

90~ 551 (64.22) 150 (17.48) 119 (13.87)

95~ 1,623 (63.8) 517 (20.32) 294 (11.56)

Pharmacological prophylaxis <0.01 <0.01 0.01
<20 2,122 (59.61) 797 (22.39) 442 (12.42)

20~ 1,018 (60.31) 354 (20.97) 189 (11.20)

30~ 805 (61.92) 242 (18.62) 197 (15.15)

40~ 720 (64.63) 182 (16.34) 128 (11.49)

50~ 1,680 (63.44) 531 (20.05) 311 (11.74)

Mechanical prophylaxis <0.01 <0.01 0.70
<30 1,832 (63.06) 612 (21.07) 313 (10.77)

30~ 1,010 (54.30) 435 (23.39) 290 (15.59)

50~ 1,212 (61.90) 370 (18.90) 244 (12.46)

70~ 1,325 (62.41) 416 (19.59) 264 (12.44)

90~ 966 (65.98) 273 (18.65) 156 (10.66)

shock caused by intestinal perforation. The observation is in
agreement with the theoretical hypothesis. However, in our
study, increased total rates of DVT prevention and the rates
of mechanical prophylaxis did not reduce the mortality. The
reasons for the above results may be the incidence of fatal
pulmonary embolism caused by DVT itself was extremely low
(15), mechanical prophylaxis alone may not associated with
mortality. In contrast to mechanical prophylaxis, drugs for DVT
prevention, such as heparin and other drugs, not only reduce
the occurrence of DVT, but also change the hemodynamic state
in general (24). In addition, such drugs have anti-inflammatory
and vascular endothelial protection effects (25-27). As a result,
pharmacological prophylaxis eventually reduced the mortality
in patients with septic shock caused by intestinal perforation
in our research. Our results further support the international
guidelines recommendation for pharmacological prophylaxis in
patients with severe sepsis unless contraindicated.

There are some limitations of our study. First, factors such as
compliance with the saving sepsis campaign guidelines can affect
the efficacy and prognosis of sepsis treatment, and there is a high
degree of consistency between the completion of DVT prevention
and compliance with the saving sepsis campaign guidelines.
This retrospective study cannot exclude the bias caused by
these factors. More perfect prospective experiments should be
designed to show the independent effect of DVT intervention
by adjusting other interventions in the future. Second, since
only one years data was included in this study, the effects of
DVT prevention on septic shock caused by intestinal perforation
could not be analyzed continuously and dynamically. Third,
those hospitals enrolled from China-NCCQC might have greater
access to improve rates of DVT prevention by any means than
other hospitals. Further studies will be necessary to determine the

effects of DVT prevention on septic shock caused by intestinal
perforation in China that differ in characteristics from those
that participated.

CONCLUSIONS

DVT prevention by any means is a safe therapeutic strategy
for treating septic shock caused by intestinal perforation.
Increased DVT prevention significantly decreased the discharge
rates without doctor’s order in patients with septic shock
caused by intestinal perforation. Pharmacological prophylaxis
reduced the mortality of patients with septic shock caused by
intestinal perforation.
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