
Derivation and validation of an exclusive pre-operative risk eval-
uation system in HIV-infected patients undergoing surgery

Research article

 Baochi Liu et al   18

Published online: 20 March 2018
ANT PUBLISHING CORPORATION

Bao-chi Liua,*#, Tie-nan Fengb,*, Xiu-ling Fengc,*, Xiao-dong Chend, Ying Wangd, Yu-fang Shid*#

Abstract
Background: A broadly applicable scoring tool for risk evaluation in HIV-infected surgical patients is impera-
tive for improving outcomes and patient safety. Because sepsis has been considered as the major cause of 
mortality for HIV-infected post-surgical patients, the objective of this study was to develop a pre-operative risk 
stratification model that predicts the incidence of sepsis after surgical operations in HIV-infected patients.
Methods: The scoring model was created by using inpatient databases, including 762 HIV-infected patients 
who underwent various surgical procedures from 2008 to 2014 in the Shanghai Public Health Clinical Center 
(SPHCC). A risk-point scale was developed with five variables for their predictive value of sepsis incidence us-
ing single and multi-factor logistical regressions. This model was validated with a receiver operating charac-
teristic (ROC) curve with a Zhengzhou Sixth People Hospital (ZSPH) dataset (182 HIV-infected cases).
Results: Post-operative sepsis was identified in 256 patients in the SPHCC dataset. The average total scores 
of the sepsis group and the non-sepsis group were 7.22 and 11.62, respectively. Using the predictive model 
of multi-factor logistical regression, the sensitivity and specificity were 0.95 and 93.6, respectively. The area 
under curve (AUC) score was 0.98[0.97, 0.99]. The result was much larger than five single-factor predicting 
models. In the 30 days after surgery, 15 patients died, and the mortality rate was around 2% in SPHCC. Post-
operative sepsis was identified in 41 patients in the ZSPH dataset, and four sepsis patients died in the 30 days 
following surgery. The mortality was also around 2% at ZSPH. The AUC score of the same model was 0.86[0.82, 
0.93].  
Conclusion: The risk scoring system with the predictive model has high predictive accuracy. This indicates that 
it can help surgeons evaluate the incidence and risk of post-surgical sepsis before surgical procedures on HIV-
infected patients.
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tions[1-6]. Sepsis is a systemic, deleterious host response 
to infection leading to severe acute organ dysfunction 
secondary to a documented or suspected infection. 
Severe sepsis is a major health care problem affecting 
millions of people around the world each year, killing 
one in four (and often more), and increasing in inci-
dence[7-9]. HIV-infected patients are related to a higher 
frequency of severe sepsis and death among patients 
admitted to the ICU[10]. The unacceptably high mortal-
ity rates of 30%–50% for severe sepsis continue[9,10] 
and it can be said that sepsis is a major determinant of 
outcome in HIV-infected patients[11,12]. Therefore, an ex-
clusive and applicable scoring tool for the evaluation of 
the development of post-operative sepsis is imperative 
for improving post-operative outcomes in HIV-infected 
patients.
In this study, we developed a novel pre-operative 
risk scoring model comprising five variable indica-
tors, including CD4+ T cell count, the incision grade 
used in surgical operations, the surgical grade, the 

INTRODUCTION
The human immunodeficiency virus type 1 (HIV-1) 
infection is widely assumed to lead to progressive 
failure of the immune system (acquired immunodefi-
ciency syndrome, AIDS) and to allow sepsis caused by 
life-threatening opportunistic infections to occur in 
patients, especially those undergoing surgical opera-

aCaolang Road No. 2901, Shanghai, 201508, China.
bClinical research center, Medicine school, Shanghai, Jiaotong University, Shanghai, 200025, China.
cDepartment of Surgery, Zhengzhou,Sixth People Hospital, Zhengzhou, 450052, China.
dInstitute of Health Sciences, South Chongqing Road No. 225, Shanghai, 200025, China.



 Baochi Liu et al  19

Clin Surg Res Commun 2018; 1: 18- 23

opportunistic infection, and the organ function. To 
establish the scoring system model, a database of 762 
HIV-infected patients in the Shanghai Public Health 
Clinical Center (SPHCC) was employed. These patients 
underwent various surgical procedures in the past 
six years (from 2008 to 2014) for reasons of infection 
(43.09%), dysfunction (27.77%), tumor (21.67%), and 
trauma (7.47%). In the SPHCC dataset, 256 patients 
had post-operative sepsis. The average total scores of 
the sepsis group and the non-sepsis group were 7.22 
and 11.62, respectively. Using the predicting model of 
multi-factor logistical regression, the sensitivity and 
specificity were 0.95 and 93.6. The area under curve 
(AUC) score was 0.98[0.97, 0.99]. The result, which 
was much larger than five single-factor predicting 
models, was validated with a receiver operating char-
acteristic (ROC) curve using a Zhengzhou Sixth People 
Hospital (ZSPH) dataset of 182 HIV-infected cases with 
similar reasons for surgery. Post-operative sepsis was 
identified in 41 patients in the ZSPH dataset. The AUC 
score of the same model was 0.86[0.82, 0.93], which 
indicates that this surgical risk scoring model is effec-
tive.
Based on the evaluation indicators, three schemes 
were proposed and then compared according to the 
results of calculations. This process helped us confirm 
the best one with sufficient evidence.

METHODS
Study Design

This study was conducted at the SPHCC special center 
for the treatment of major communicable diseases in 
Shanghai, China. Clinical documents were retrieved for 
the date range of January 2010 to December 2014 of 
762 patients with a diagnosis of HIV infection and hav-
ing various surgical procedures to build the predictive 
model. The clinical documents of 182 patients with the 
same condition and circumstances from January 2013 
to December 2014 at Zhengzhou Sixth People Hospi-
tal (HSPH) were collected to evaluate the model. All 
patients were required to undergo routine laboratory 
examinations before surgery. The 2001 SCCM/ESICM/
ACCP/ATS/SIS international sepsis definition was used 

as a reference[13]. In the SPHCC dataset, the ratio of 
females to males was around 1:7.4. The age range was 
from 10 to 74, and the median was 47.2. In the dataset 
of ZSPH, the ratio of females to males was 1:3, and the 
age range was 6 to 81, with the median being 45. The 
risk scoring system graded levels of CD4+ T cell counts, 
incision, surgical grade, opportunistic infection, and or-
gan function into numerical scales of 1-4. The basis of 
the grading system is listed in Table 1.

Statistical Analysis

All data were analyzed using SPSS 17.0 (SPSS, Chica-
go, IL, USA). Descriptive statistics were represented 
as mean ± standard deviation when the datasets were 
of normal distribution. Otherwise, the descriptions 
were represented as median [95% CI low, 95% CI up]. 
Demographic and available laboratory data were com-
pared in a single-factor analysis according to the sepsis 
status. Categorical data were compared using the Chi-
square test or the Fisher’s test. Measurement data were 
compared with an independent t-test sample, ANOVA, 
or the rank-sum test when the datasets did not comply 
with the normal distribution. The binary logistic re-
gression was used to construct the predicting model. 
In this regression, the positive condition (sepsis status) 
was marked with 1, and the negative was marked with 
0. The logistic regression was set as a predictive model 
whose performance was evaluated by a ROC curve. Sta-
tistical significance was set at p <0.05.

Ethical Review and Approval

The community surveys were conducted and approved 
by the ethical committees of Shanghai Public Health 
Clinical Center Affiliated to Fudan University. All re-
ceived records were anonymized and could not be 

Table 1. Basis of risk evaluation
1 2 3 4

CD4 (cells/µl) >350 (350, 200]1 (200, 50] <50

Incision Clean
(Clean, 
Pollution)

Pollution Infection

Surgical grade I II III IV
Opportunistic 
infection

None Experienced Mild Serious

Organ function Normal Abnormal Mild Serious

Table 2. Comparison between non-sepsis and sepsis groups

non-sepsis sepsis

Indicators Description Mean Rank Description Mean Rank Z value P value

CD4 Level 1.81[3.11, 0.50] 322.73 2.64[4.06, 1.23] 501.10 11.05 <.001
Incision 1.69[2.53, 0.86] 328.95 2.27[3.38, 1.17] 488.76 10.62 <.001

Surgical grade 1.51[2.58, 0.45] 328.34 2.16[3.39, 0.93] 489.98 10.38 <.001

Opportunistic infection 1.15[1.71, 0.60] 269.39 2.52[3.46, 1.57] 605.03 22.41 <.001

Organ function 1.06[1.45, 0.67] 274.91 2.04[2.80, 1.27] 592.18 22.70 <.001

Sum 7.22[9.31, 5.13] 306.71 11.62[14.10, 9.15] 646.01 19.25 <.001
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linked to individual patients. The methods that were 
carried out in this study were in accordance with the 
approved guidelines.

RESUlTS
The incidence of post-operation sepsis in the SPHCC 
dataset from 2010 to 2014 was 34%. In the 30 days 
after surgery, 15 sepsis patients died, making the mor-
tality around 2%. The evaluation indicators of the two 
groups are listed in Table 2. Using the rank-sum test, 
the indicators of the two groups were significantly dif-
ferent. From the results of the Z value, in addition to 
the sum of the five indicators, the differences of oppor-
tunistic infection and organ function were greater than 
other indicators.

Next, we used single-factor logistic regression to con-
struct the risk prediction system. Among the six mod-
els, the sum model had the best performance.
The results in Table 4 were calculated using multi-fac-
tor logistic regression. The indicators were categorical. 
The first grade of each indicator was set as the refer-
ence. Because there were no patients with a serious 
organ failure condition, we had no data of grade 4 for 
organ failure. Except for the levels of CD4+ T cell count, 
the odds ratio (OR) of other grades to the first grade 
were generally elevated along with an increase of scor-
ing. When the levels of incision and opportunistic in-
fection were at grade 4, the OR of sepsis incidence was 
very high. In our institution, all patients with grade 4 
incision or grade 4 opportunistic infection developed 
sepsis. When the level of CD4+ T cell count reached 
grade 4, the incidence of post-operative sepsis was 
70.15%. The incidence of surgical grade 4 was 85.71%. 
Patients whose organ function was scored at grade 4 
were not allowed to have surgery. When organ function 
was scored at grade 3, the incidence was 92%. The per-
formance of the predictive model using multi-factor lo-
gistic regression is described in Figure 1. Except for the 
specificity, it performed better than other models and 
had greater sensitivity, specificity, and accuracy. There-
fore, this model may help offer valuable information to 
evaluate the risk of post-surgical sepsis among HIV-in-
fected patients before surgery. According to Figure 
1, the model can be used to work out the cutoff value 
(CV), CV = Z/(1+Z), where Z = 0.68*CD4 +1.89*Incision 
+0.86*Surgical_grade +2.36*Opportunistic_infection + 
2.06*Organ_function-14.64. When CV<0.4, the proba-
bility of developing post-operative sepsis was very low. 
When CV was in the interval between 0.4 and 0.6, the 
probability of developing post-operative sepsis was 
uncertain. With CV>0.6, the risk of developing post-op-
erative sepsis was very high. During the perioperative 
period, medical staff needs to pay more attention to re-
ducing the grade. For example, ART could be employed 
to increase CD4+ T cell counts, prevent opportunistic 
infections, and also decrease the operation grade.
The model was validated by the dataset from ZSPH, 
and the results are depicted in Figure 2. Compared to 
the training dataset, values for sensitivity, specificity, 
and accuracy were lower, but the performance was 
still significant. The positive results given by the model 
indicate that the possibility of developing post-opera-
tive sepsis was at least 81%. In addition, the negative 
results predicted that the possibility of developing 
post-operative sepsis was not higher than 22%.

DISCUSSION
There are much more life-threatening issues for 

Table 3. Results of single-factor logistic regression

Indicators sensitivity specificity accuracy

CD4(cells/µl) 78.1 60.2 72.1

Incision 95.3 35.9 75.4
Surgical grade 87.8 37.9 71.1
Opportunistic infection 85.0 95.3 88.5

Organ function 94.1 88.7 92.3

Sum 95.1 89.8 93.3

Table 4. Results of multi-grade factors logistic regression

Indicator Grade log(OR) S.E. P value

CD4+T cell counts 1 1.00 1.00 0.00

2 0.88 0.46 0.05

3 1.77 0.47 0.00

4 1.60 0.70 0.02

Incision 1 0.00

2 1.46 0.47 0.00

3 3.81 0.63 0.00

4 22.61 0.98 0.00

Surgical grade 1 1.00 1.00 0.00

2 1.27 0.43 0.00

3 1.63 0.48 0.00

4 3.62 1.92 0.06

Opportunistic infection 1 1.00 1.00 0.00

2 2.17 0.44 0.00

3 4.92 0.87 0.00

4 21.24 2.31 0.00

Organ function 1 1.00 1.00 0.00

2 2.14 0.42 0.00

3 3.73 1.25 0.00

4

Constant -6.72 0.69 0.00
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HIV-infected patients than for ordinary patients in the 
recovery period after surgery[14]. Based on our long-
time clinical experience, we employed CD4+ T cell 
counts [15,16], the level of incision, surgical grade, oppor-
tunistic infection, and organ function as indicators of 
post-operative sepsis and graded them into 4 levels.
When CD4+ T cell counts were above 350 cells/µl, the 
patient’s immune system could still execute its normal 
function, so we gave this condition a score of 1 under 
CD4. As the population of CD4+ T cells descended, the 
immune system became vulnerable. We set the split 
points at 350, 200, and 50 and gave corresponding 
scores from 2 to 4, respectively. The incision was also 
classified into a system of four scores according to its 
seriousness. A clear incision was given 1 point. If the 
incision had clear contamination, it was given 2 points. 
With contamination and infection, 3 and 4 points were 
given, respectively. The score of surgical grade was 
calculated according to complications of the surgery. 
From simple to complex circumstances, it was given 
from scores of 1 to 4, accordingly. Opportunistic in-
fection was classified with a score of 4. With regard to 
its seriousness, opportunistic infections included no 
possibility of infections, unobserved historical infec-
tions, infections with low probabilities, and obvious 
signs of infection before surgery, corresponding to 1 
to 4 points. The score of organ function was calculated 
from the comprehensive preoperative examination, 
including heart, lungs, liver, kidneys, etc., with statuses 
of normal, abnormality without symptoms, abnormali-
ty with slight symptoms, and obvious symptoms of ab-
normality before surgery, corresponding to scores of 1 
to 4. The surgical risks could be fully evaluated by this 
scoring system, which had considered comprehensive 
factors in all parts.
The indicators had different weights in this system. 
The weight of CD4+ T cell count and surgical grade 
were the lowest, meaning that the link between 
post-operative sepsis and CD4+ T cell counts was 
weak, and the link with the surgical grade was also 

weak, which corresponds with results in other stud-
ies[17]. The incision was a more important factor need-
ing to be considered before surgery. Among these indi-
cators, the grades of opportunistic infection and organ 
function were more critical. Small variations of scores 
from these two indicators could make a great impact 
on the total surgical risk.
It was reported that the infection and complication rate 
of HIV-infected patients after surgery was about 55%, 
and approximately 30% of those patients died follow-
ing surgery[18]. In our institution, the sepsis incidence 
was about 40%, and the mortality was less than 2%. 
Among our patients, the average sum of five indicator 
scores in non-sepsis and sepsis groups were 7.22 and 
11.65, respectively. When the cutoff value was set at 9.5, 
the sensitivity and the specificity were 0.91 and 0.95, 
approaching the performance of the logistical predic-
tive model. Therefore, this method can be used as a 
reference for other groups who intended to perform 
similar treatments.
In our institution, 15 patients, most of whom had high-
ly complicated surgeries, died from sepsis within 30 
days of surgery.
Because of their particular requirements, HIV-infect-
ed patients should be treated in special hospitals. In 
China, nearly all HIV-infected patients are treated and 
have surgeries performed in specialized hospitals for 
epidemic disease. However, there are not enough spe-
cialty surgeons to carry out all types of operations. In 
Europe, Africa, and America, the majority of HIV-in-
fected patients have surgeries performed in general 
hospitals. Though there are comprehensive disciplines, 
medical personnel in general hospitals may have in-
sufficient experience in the treatment of HIV-infected 

Figure 1. Performance of the multi-factors Predicting model us-
ing training data set (SPHCC).

Figure 2. Performance of the Predicting model using the test 
dataset.
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patients so that the patients may experience many 
post-operative complications. Therefore, it is essential 
to build a platform to resolve this problem. Based on 
the situation of our institution, patients with CD4+ T 
cell counts above 350 cells/µl can be treated in gen-
eral hospitals because they have little difference from 
normal patients in terms of sepsis incidence. When the 
CD4+ T cell count is below 200 cells/µl, it is suggested 
that the patients be treated in specialized hospitals. 
These patients were prone to opportunistic infections 
and had higher chances of developing sepsis. During 
the perioperative period, antiviral, anti-tuberculosis, 
antifungal, and other similar treatments are essential, 
and these treatments require the involvement of expe-
rienced clinicians. When CD4+ T cell count is between 
200 cells/µl and 350 cells/µl, the patient should be 
treated with antiviral treatments. After the virus load 
decreases significantly, the patient could undergo sur-
gery in either general or specialized hospitals.
Surgery for HIV-infected patients requires not only the 
routine preoperative preparation and post-operative 
treatments but also the prevention of infectious dis-
eases and treatments with antiviral, anti-tuberculosis, 
and antifungal treatments [19,20]. Currently, AIDS has be-
come a chronic infectious disease that can be managed 
[21,22]. Though there are no drugs or preventive vaccines 
for HIV, AIDS can be dealt with in cases where the per-
son is exposed to HIV accidentally by using emergency 
treatments such as anti-retroviral preventive treat-
ment [23]. Therefore, with essential prevention[20,24,25]

it is not necessary to show excessive fear of HIV. When 
medical staff, especially which are in the emergency 
room of general hospitals, meet the HIV-infected pa-
tient with a low CD4+ T cell count, they can refer to the 
infectious clinician for consultation, which can help the 
patient to recover during the perioperative period.
So far, there is not enough research on positive out-
comes of post-surgical sepsis in immune dysfunction 
patients. A risk scoring system for evaluating the con-
ditions for positive surgical sepsis outcomes has not 
only scientific value but also extensive and profound 
social significance. The model proposed in this study 
would serve as a reference with great accuracy. Future 
studies could include determination of more indicators 
that can be added to achieve even better accuracy.
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