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ABSTRACT

Postoperative fever is mostly transient and inconsequential but may portend a serious postoperative infection
requiring a thorough evaluation, especially during the recent COVID-19 pandemic. We aimed to determine the
incidence, causes and outcomes of postoperative fever in neurosurgical patients, as well as to evaluate a protocol
for management of postoperative fever. We conducted a prospective study over 12 months, recruiting 425 adult
patients operated for non-traumatic neurosurgical indications. We followed a standard protocol for the evalu-
ation and management of postoperative fever collecting data regarding operative details, daily maximal tem-
perature, clinical features, as well as use of surgical drains, urinary catheters, and other invasive adjuncts.
Elevated body temperature of > 99.9°F or 37.7 °C for over 48 h or associated with clinical deterioration or
localising features was considered as “fever” and was evaluated according to our protocol. We classified elevated
temperature not meeting this criterion as a transient elevation in temperature (TET). Sixty-five patients (13.5%)
had postoperative fever. Transient elevation of temperature, occurring in 40 patients (8.8%) was most common
in the first 48 h after surgery. The most common causes of fever were urinary tract infections (13.7%), followed
by aseptic meningitis (10.8%), wound infections and pneumonia. Various aetiologies of fever followed distinct
patterns, with COVID-19 and meningitis causing high-grade, prolonged fever. Multivariate analysis revealed
cranial surgery, prolonged duration of surgery, urinary catheters and wound drains retained beyond POD 3 to
predict fever. Postoperative fever was associated with significantly longer duration of hospital admission.
COVID-19 had a high mortality rate in the early postoperative period.

1. Introduction

cannot substitute for real-time bedside clinical examination [2]. As high-
quality prospective data on the causes of postoperative fever in neuro-

Fever, as a natural response of the body to infection and other insults,
leading to tissue injury and inflammation, is mediated by pyrogenic
cytokines. Early postoperative fever is reported to occur in 50-70% of
patients [1-3] but prolonged fever lasting >5 days occurs less frequently
in about 16% [4]. While surgery per se triggers pro-inflammatory
stimuli eliciting a temporary febrile response, postoperative fever may
indicate serious surgical site infections, urinary tract infections, pneu-
monia, post-operative meningitis or other non-infectious aetiologies,
such as drug fever, deep venous thrombosis (DVT), phlebitis,
transfusion-associated fever and haemorrhage [5]. The recent SARS-
COV-2 pandemic has added an extra dimension to the management of
fever in postoperative patients. The development of routine “fever
protocols” for investigation of postoperative fever, although useful,

surgical patients is sparse, we conducted this prospective study aimed at
determining the incidence, causes and outcomes of postoperative fever
in neurosurgical patients. We also evaluated a protocol for management
of postoperative fever during the COVID-19 pandemic. Our secondary
objective was determining the incidence and pattern of COVID-19
among patients with postoperative fever.

2. Materials and methods
2.1. Study design, setting and participants

The study was approved by the Institutional Review Board (IRB Min.
No. 12,914 dated 24.06.2020). We recruited all adult patients, >18
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years of age, operated electively and as emergencies at our neurosurgical
service between 31st March 2020 and 31st March 2021. “Emergency
cases” were those who presented to the emergency room requiring ur-
gent intervention and cases operated after-hours due to our long elective
surgical waitlist. As trauma is an independent factor triggering the
release of a host of pro-inflammatory factors, with up to 40% of patients
admitted with trauma manifesting fever in the first 48 h [6], we chose to
exclude patients operated for traumatic brain injuries. Informed consent
was obtained from all patients prior to recruitment. Assuming a preva-
lence of post-operative fever of 20%, based on prior data [7] we
calculated a sample size of 246 patients.

2.2. Preoperative COVID testing protocol

All patients were advised to isolate themselves in their residences for
1 week before admission, after which we performed two COVID-19
reverse transcription-polymerase chain reaction (RT-PCR) tests, five
days apart. Patients who tested positive for COVID-19 were admitted in
isolation wards or advised home quarantine based on their clinical
condition. Unless emergent intervention was indicated, they were
operated a minimum of 21 days from the date of their positive test. In
cases operated by the endonasal route, we employed a specially devel-
oped negative-pressure face-mounted system and additional personal
protective equipment (PPE) [8].

2.3. Data collection and protocol for evaluation of postoperative fever

All data was collected prospectively, with documentation of daily
maximum temperature, number of fever spikes, as well as other factors
such as preoperative fever, presence of central lines, drains, urinary
catheters, and use of invasive ventilation. Details of surgery such as the
procedure performed, time taken for surgery and intra-operative blood
transfusions were documented from surgical and anaesthetic records on
the day of surgery. Temperature measurements were taken every 4 h for
patients in the wards and every hour when in the intensive care unit
(Icu.

CLINICAL FEATURES

Headache, vomiting, altered
sensorium

High risk for meningitis

Digital axillary temperature >
99.9°F or 37.7°C for =48 hours

Surgical wound leak or pus

Prolonged use of drains

Cough, breathlessness,
increasing ventilator
requirement, pulmonary
infiltrates

Dysuria, frequency, prolonged
use of a urinary catheter

Others- Thrombophlebitis
Central venous catheter
Skin rash
Diarrhea/Abdominal pain
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2.4. Definitions

Postoperative “Day 0” was defined as the day of surgery. The “early
postoperative period” encompassed the first 48 h following surgery
(POD 0 and 1), the “intermediate postoperative period” referred to
postoperative Days 2-7 and the “late postoperative period” Day 8 and
beyond. We defined temperature > 99.9'F or 37.7 °C for <48 h as
“transient elevated temperature (TET)” when not associated with any
localising features or clinical deterioration. These cases were not further
evaluated for the cause of elevated temperature.

Elevated temperature lasting for >48 h or with clinical deterioration
or localising features was considered as “fever” and was evaluated ac-
cording to our protocol. We obtained history of localizing value, thor-
oughly examined the patient, and performed focused blood, urine and/
or radiological investigations as demonstrated in Fig. 1. Urinary tract
infections (UTI) were diagnosed in the presence of pyuria (>10 WBC/
mm?3 per HPF) and bacteriuria (>10° cfu/mL) [9]. Postoperative men-
ingitis was diagnosed in patients with CSF pleocytosis (>10 cells/ul) and
low glucose. Empiric antibiotics were initiated pending CSF culture re-
ports and changed according to the drug sensitivity when an organism
was cultured. Those with sterile cultures were treated as aseptic men-
ingitis. Pneumonia was diagnosed based on clinical manifestations and
chest X-ray showing infiltrates, or consolidation with or without effu-
sion. Pneumonias were classified as ventilator-associated pneumonia
(VAP) if associated with > 48 h of invasive ventilation [10]. Throm-
bophlebitis was diagnosed when a discoloured, swollen, or tender vein
with cord-like structure was noted. Sepsis was diagnosed if two or more
quick Sequential Organ Failure Assessment (QSOFA) criteria were met,
and blood culture grew an organism [11].

If fever persisted and no cause was identified on initial evaluation,
we searched for other infectious diseases common to our setting,
including dengue, malaria, and typhoid. Our threshold for COVID-19
testing varied through the study period. From April 2020 through
June 2020, the incidence of COVID-19 cases in our region was low and
community transmission had not commenced. Hence, we tested patients
with postoperative fever for COVID-19 only when all other in-
vestigations were normal. However, as the pandemic progressed, we
began testing patients for COVID-19 when postoperative fever occurred

INVESTIGATIONS

Imaging (CT/MRI) of the brain

CSF cell counts, glucose and
protein

MANAGEMENT

Empirical antibiotics-

Inj. Meropenem 2gm every 8

(CT/MRI), Wound

swab and culture

hours till cultures available

Empirical antibiotics-

Inj. Piperacillin-tazobactam

Chest X ray/CT

Sputum/ tracheal culture

4.5gm every 6 hours till
cultures available

Urine routine > 10 cells

Urine culture

Remove/change intravenous
catheters

Check on drugs

Stool culture

Blood culture if

chills/rigors present

[ COVID-19 RT-PCR if no other source determined J

or features of SIRS

Fig. 1. Protocol for evaluation and management of postoperative fever in our cohort.
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without clinical features suggestive of any other focus. Fever was
labelled as “unclassified” if no aetiology was identified on the clinical
picture and investigations.

2.5. Routine antibiotic policy and infection control

Our preoperative antibiotic protocol included Inj. Ceftriaxone 1.5 gm
intravenously 30 min prior to surgery in all cases, with the addition of
Inj. Cloxacillin 2gm and Inj. Gentamicin 160 mg continued up to the 3rd
postoperative day in cases where surgical implants were used. In
endoscopic anterior skull base surgeries lumbar subarachnoid drains
were typically removed on postoperative Day 5 if there was a CSF leak,
and the patient was administered Inj. Ceftriaxone 1 gm daily. Patients
were catheterised following induction of anaesthesia, except in cases of
documented bladder dysfunction, wherein a silicon catheter was inser-
ted preoperatively in the ward and removed after recovery of bladder
function, usually on outpatient basis. We routinely removed urinary
catheters on the first postoperative day, except in cases where strict
monitoring of urine output was indicated such as in diabetes insipidus.
Central venous catheters were removed by the third postoperative day,
and peripheral intravenous catheters were removed when intravenous
medications were discontinued. All patients were encouraged to use
incentive spirometers to prevent postoperative atelectasis, and knee-
length thromboembolism deterrent stockings were employed in all pa-
tients confined to bed.

2.6. Statistical methods

Data was entered into an electronic database via Microsoft Access,
and analysed with SPSS software (version 24, Chicago, IL). Descriptive
statistics were calculated for all variables of interest, for the entire
cohort as well as stratified by TET or postoperative fever. Categorical
variables were analysed with the chi square, or Fishers exact test and
continuous variables were analysed using Student’s t-test. Mann-
Whitney test was used to compare continuous variables with non-
standard distributions. Receiver Operating Characteristic (ROC) anal-
ysis was performed to assess the cut-off for maximal elevation in tem-
perature that may predict an infective cause of postoperative fever. A
significance level of 0.05 was considered significant for all statistical
tests.

3. Results

Between March 31st, 2020, and March 31st, 2021, we operated on
613 patients. We excluded 188 patients with acute trauma, hence, this
paper assimilates the data of 425 patients. The mean age of our cohort
was 43.63 years (range 19 to 81 years). The majority were male (247;
58.1%). Nearly one-fifth (19.5%) were diagnosed to have diabetes
mellitus preoperatively.

3.1. Management of patients testing positive for COVID-19 prior to
surgery

Twenty-three patients tested positive for COVID-19 preoperatively;
all were asymptomatic or mildly symptomatic for COVID-19, except for
one who had moderate illness requiring oxygen therapy but no venti-
latory support. These patients underwent surgery following a mean
duration of 40.2 days (between 21 and 71 days) after testing positive. 1
patient was positive for COVID-19 four months prior to surgery. One
patient who was COVID-19 positive at the time of surgery underwent
emergency CSF shunting for acute hydrocephalus secondary to a 4th
ventricular tumor.

3.2. Surgical interventions performed

We performed 457 surgeries; 393 (86%) were electively performed,
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while 64 (14%) were emergency procedures. Three hundred and ten
(71.2%) were cranial surgeries — 234 supratentorial and 76 infra-
tentorial. Among 147 spine surgeries, the most common levels operated
were cervical (64 cases), followed by lumbar (59 cases), thoracic (21
cases) and sacral (3 cases). Two cases of cervico-medullary tumors
required simultaneous excision via cranial and spinal approaches. Im-
plants such as pedicle screws and cervical cages were used in 81 cases
(52.6% of all spine surgeries).

The dura was opened in 295 surgeries (64.6%). The remaining 162
surgeries (35.4%) were extradural; these were mainly spinal (110/162
surgeries). Fifty-four patients (11.8%) required blood transfusion
intraoperatively.

3.3. Incidence and causes of postoperative fever

(Table 1)Overall, 102 patients (22.3%) had elevated temperature
postoperatively, 40 (39.2%) of which were transient (TET) while the
remaining 62 (60.7%) had persistent fever requiring evaluation. - TET
occurred most frequently in the early postoperative period (20 of 40
cases), while postoperative fever was most frequent in the intermediate
postoperative period (29 of 62 cases) (Fig. 2). Overall, the most frequent
causes of postoperative fever were UTIs (13.7%), followed by aseptic
meningitis (10.8%), wound infections (7.8%), pneumonia (5.8%), bac-
terial meningitis (3.9%), thrombophlebitis (2.9%), COVID-19 infection
(1.9%), multiple foci (1.9%), and catheter-associated bloodstream
infection (1%). The most common cause of early postoperative fever was
bacterial meningitis (3 cases), while in the intermediate and late post-
operative period, UTI (8 cases) and wound infections (6 cases) pre-
dominated, respectively. In 5 cases, we were unable to classify the cause
of fever, however, in all cases, fever subsided spontaneously without
antibiotics and was not associated with clinical deterioration. Miscel-
laneous causes included 3 confirmed acute febrile illnesses (1 each due
to Dengue fever, melioidosis, and enteric fever due to Salmonella typhi),
1 shunt-associated abdominal collection, 1 drug fever and 1 intestinal
obstruction that led to E.coli septicaemia.

Characteristics and outcomes of patients with postoperative fever
(Table 2)Patients who had postoperative fever did not differ in age,
gender or prevalence of diabetes mellitus as compared to those who did
not, however, their duration of surgery was longer (210 min vs. 180 min,
p = 0.016) and they more frequently required blood transfusions (33.8%
vs. 8.3%, p < 0.001). The proportion of emergency surgeries was similar
between the groups. The cohort of patients that developed postoperative
fever more frequently underwent cranial surgery (83.8 vs. 65.3%, p =
0.005) and surgery on the posterior fossa (40.3% vs. 21.3%, p = 0.012).
There was no difference in the rates of dural, air sinus or ventricular
opening at surgery. Reoperation at the current admission was more
frequent among patients with significant fever (14.5% vs. 6.1%, p =
0.011), as was readmission after discharge (24.2% vs. 2.8%, p < 0.001).
The duration of hospital stay was also significantly higher among those
who had fever (13 days vs. 4 days, p < 0.001). On the other hand, pa-
tients with TET had a median duration of hospital stay of 5 days as
compared to 4 days among those that did not have any rise in temper-
ature (p = 0.576).

Three patients with postoperative fever died — 1 each due to COVID-
19 acute respiratory distress syndrome (ARDS), postoperative menin-
gitis and intratumoral haemorrhage. One patient who did not have
postoperative fever died due to a postoperative venous infarct.

3.4. Distinct patterns and clinical features distinguishing various causes of
elevated temperature

TET and bacterial meningitis occurred most frequently in the early
postoperative period, while COVID-19 infection, pneumonia, thrombo-
phlebitis, UTI and aseptic meningitis occurred in the intermediate
postoperative period and wound infection in the late postoperative
period (Table 3). COVID-19 infection, bacterial meningitis, aseptic
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Table 1

Causes of postoperative fever classified by type of surgery and day of fever onset.

Journal of Clinical Neuroscience 103 (2022) 26-33

Cause of fever Overall (N = Type of surgery Day of fever onset
102) Cranial (N = Spinal (N = Early postoperative Intermediate postoperative Late postoperative (Day 8

76) 26) (Days 0-1) (Days 2-7) and later)
UTI 14 (13.7%) 10 4 3(9.1%) 8 (16.7%) 3 (19%)
Aseptic meningitis 11 (10.8%) 11 - 2 (3%) 5 (10.4%) 4 (14.3%)
Wound infection 8 (7.8%) 5 3 - 2 (4.2%) 6 (28.5%)
Pneumonia 6 (5.8%) 5 1 2 (6.1%) 4 (8.3%) -
Unclassified 5 (4.9%) 5 - 4 (8.3%) 1 (4.8%)
Bacterial meningitis 4 (3.9%) 4 3(9.1%) - 1 (4.8%)
Thrombophlebitis 3 (2.9%) 3 - - 2 (4.2%) 1 (4.8%)
COVID-19 2 (1.9%) 0* 2 - 2 (4.2%) 0*
Multiple foci 2 (1.9%) 2 - 2 (4.2%) -
Catheter-associated blood stream 1 (1%) 1 - - - 1 (4.8%)

infection (CABSI)

Miscellaneous 6 (5.8%) 6 - 3(9.1%) - 3 (14.3%)
Transient elevated temperature (TET) 40 (39.2%) 25 15 20 (60.6%) 19 (39.5%) 1 (4.8%)
Total 102 76 26 33 48 21

*One patient had postoperative COVID infection 31 days after surgery incidentally detected on preoperative testing for a VP shunt.

W Postoperative fever BTET
30
» 25
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&
£ 20
<
a
5 15
o
2 10
=
o}
B L 0
. =
Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Day6 Day7or
later
POSTOPERATIVE DAY
Fig. 2. Incidence of TET and postoperative fever across the post-

operative period.

meningitis and UTI produced fever in excess of 101°F or 38.3 °C. Bac-
terial meningitis, COVID-19 infection, aseptic meningitis and pneu-
monia manifested fever for >3 days, while thrombophlebitis and wound
infections produced 1 day of fever. This data is represented in Fig. 3.

ROC analysis demonstrated that a temperature in excess of 100.7°F
or 38.2 °C predicted an infective cause of fever with a sensitivity of 83%
and specificity of 54.5%. (AUC- 0.674, Fig. 4).

Localising clinical features at the onset of fever were present in all
cases of thrombophlebitis, wound infection, and postoperative COVID-
19 infection, 83.3% of pneumonias, 75% of bacterial meningitis,
54.5% of aseptic meningitis and less than half (42.8%) of UTIs.

3.5. Postoperative fever in infectious diseases

The cohort included ten infective cases, including 7 cases of spon-
dylodiscitis, 2 intracranial abscesses, and 1 frontal osteomyelitis. Three
of these cases manifested fever preoperatively, while 5 others had fever
preoperatively for other reasons. We found that the presence of fever
preoperatively significantly predicted fever postoperatively (12.9% of
patients with postoperative fever had fever preoperatively vs. 3% of
patients that did not, p < 0.001).

3.6. Urinary catheters and postoperative fever

Most of our patients were on a urinary catheter postoperatively
(97.5%) for a median duration of 1 day (IQR: 1,1). UTI accounted for
fever in 46.2% (12/26) of patients who were catheterised for 3 days or
longer, compared to 6.7% of patients catheterised for < 2 days (2 of 30)
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@ 0.002). Thirty-five patients (7.8%) were discharged on an
indwelling catheter and followed up on an outpatient basis. Longer
duration on a catheter (Median 2 days: IQR 1, 14 vs. 1 day: IQR 1, 1,p <
0.001) and discharge from hospital on an indwelling catheter (15 pa-
tients among those with fever-24.1% and 20 patients among those
without fever- 5.1%, p < 0.001) were significantly associated with
postoperative fever.

3.7. Central venous catheters, wound drains, and intraventricular/
subarachnoid drains

A central venous catheter (CVC) was in-situ postoperatively in 396
patients (86.7%) for a median duration of 2 days (IQR: 2, 2), that was
significantly longer among patients with postoperative fever (3 days:
IQR 2, 4.75 vs. 2 days: IQR 2, 2, p < 0.001). An isolated case of CVC-
associated bloodstream infection was noted.

Wound drains were inserted in 279 patients (61.1%) and retained for
a median duration of 1 day postoperatively (IQR: 1, 2 days). Among
patients who had fever, wound drains were retained for longer
compared to those who did not have fever (2 days: IQR 1, 3 vs. 1 day:
IQR 1, 2, p = 0.005). Wound infections accounted for fever among
55.4% (6/11) of patients with a wound drain in-situ for 3 days or longer,
compared to 9.5% (2/21) of patients that had drains removed earlier (p
= 0.01).

An intraventricular or lumbar CSF drain was placed in 27 patients
(5.9%), for a median duration of 4 days (IQR: 3, 5). The presence of these
drains was associated with postoperative fever (9 patients among 27 in
whom a CSF drain was placed developed fever vs. 53 of 430 patients in
whom they were not employed, p = 0.003). Meningitis accounted for
55.6% (5/9) of fever in patients with a lumbar drain, compared to 17.9%
(10/56) in patients without a lumbar drain (p = 0.02).

One of 4 cases of bacterial meningitis was a shunt-related infection
caused by Klebsiella pneumoniae.

3.8. Postoperative invasive ventilation

Seventeen patients required invasive ventilation postoperatively, for
a median duration of 48 h (IQR:15, 72). Use of invasive ventilation
postoperatively was significantly associated with fever (9 patients-
13.8% vs. 8 patients- 2.04%, p < 0.001). However, there was no sig-
nificant difference in the duration of ventilation between both groups
(48 h: IQR 23, 72 vs. 21 h: IQR 13.5, 66, p = 0.521). Pneumonia
accounted for fever in 50% (5/10) patients that were ventilated and
1.7% (1/56) in those that were not (p < 0.001).
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Table 2
Comparison of clinical characteristics and outcomes among patients that had
significant fever and those that did not.
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Table 3
A comparison of the characteristics of fever occurring due to various aetiologies
in the cohort.

Characteristic Entire Had fever  Did not p value (Had Cause of fever Median Median Median peak Localising
cohort (N (N =62) have fever fever vs. Did postoperative no. of temperature features
= 457) (N = 395) not have day of onset of days of Q) present (%)
fever) fever fever
Preoperative characteristics UTI 5(3,7) 3(2, 38.7 (£0.5) 6 (42.8%)
Mean age (years) 43.6 + 43.7 + 43.6 +13.9 0.300 3.25)
14.1 15.2 Pneumonia 2(1, 3.25) 4(2,6) 38.3 (+£0.4) 5 (83.3%)
Male gender 263 36 227 0.872 Aseptic meningitis 6(2,17) 4(3,5) 38.8 (+£0.3) 6 (54.5%)
(57.5%) (58.1%) (57.4%) Bacterial 1(1,6.25) 6.5 39.1 (+£0.2) 3 (75%)
Diabetes 88 (19.3%) 14 74 (18.7%) 0.422 meningitis (3.75,
(22.6%) 7.75)
Preoperative fever 20 (4.4%) 8 (12.9%) 12 (3%) <0.001 Postoperative 2(2,2) 42,49 39.7 (£0.4) 2 (100%)
Preoperative lower 9 (1.9%) 3 (4.8%) 6 (1.5%) 0.114 COVID-19
cranial nerve infection
dysfunction Thrombophlebitis 3(3,3.5 11,1 38.2 (+£0.3) 3 (100%)
Wound infection 12 (6, 32) 1.5(1,3) 37.9 (£0.4) 8 (100%)
. Unclassified 5 (8.5, 33) 3 (1.5, 38,3 (+£0.7) -
Operative features 6.5)
Emergency surgery 64 (14%) 10 54 (13.9%) 0.221 Transient elevated 1 (1, 3) 1(1,2) 381 (+0.2) -
. (16.1%) temperature
Duration of surgery 180 (150, 210 (180, 180 (150, 0.016 (TET)
(min) 240) 300) 240)
Intraoperative 54 21 33 (8.3%) <0.001
blood transfusion  (11.8%) (33.8%) id £ . ible f ¢ i infecti
Cranial vs. spinal 310 52/62 258/395 0.005 wide array of organisms responsible for postoperative infections
surgery (67.8%) (83.8%) (65.3%) (Table 5).In 11 cases, significant growth of more than one organism was
noted. The most frequently encountered organism was E. coli, account-
Cranial surgery (N = 310) ing for 14 of 47 positive cultures. The incidence of antibiotic resistance
Dura opened 258 48/52 210/258 0.565 was highest among cultures of Acinetobacter baumanii (75%), followed
(83.2%) (92.3%) (85.2%) by Klebsiella pneumoniae (50%).
Ventricle entered 43 (13.9%) 9/52 34/258 0.514
(17.3%) (13.2%)
Ventricular shunt 26 (5.7%) 6/52 20/258 3.11. COVID-19 and postoperative fever
inserted
Air si d 55 (17.7% 8/52 47/258 0.913 . . . .
1 sinuses opene ( %) (1/ 5.3%) a ; 20%) We report 3 cases of postoperative COVID-19 infection. The first was
Posterior fossa 76 21/52 55/258 0.012 a 72-year-old hypertensive male with chronic obstructive pulmonary
surgery (24.5%) (40.3%) (21.3%) disease, operated for cervical spondylotic myelopathy. He developed
Endonasal surgery 46 (14.8%)  8/52 38/258 0.677 fever on the 2nd postoperative day, and rapidly progressed to acute
Burrhol 18 (3.9%) (11/5;; R 517‘;27;/;) respiratory distress syndrome (ARDS), with increasing oxygen re-
urrhole surger: .9% , . .
gery quirements. He was transferred to a COVID-19 ward, for non-invasive
positive pressure ventilation, however he rapidly deteriorated and
Spine surgery (N = 147)
\1% n POD 9. Our nex was an 81-year-old 1 T,
No. of levels 201, 4) 4(2.25, 20 3) 0.031 passed away o 0 9. Our next cz'ise as an 81-year-old lady operated
operated 4.75) for a L2-3 central intervertebral disc prolapse. She developed fever on
Dura opened 37 (11.9%)  4/10 33/137 0.406 the 2nd postoperative day with ARDS by the 6th postoperative day
(40%) (22.6%) requiring invasive mechanical ventilation for a period of 2 weeks in the
Instrumentation 817.7%)  7/10 74/137 0.665 ICU. She was gradually weaned off her ventilatory supports and dis-
charged on a tracheostomy on the 41st postoperative day. The third case
Postoperative events and outcomes was a 24-year-old male operated for a cerebellar haemangioblastoma.
1 0 0/ 0 . . . .
Ri‘;‘ﬁ:ttlo“ at 33(7.2%)  9(14.5%)  24(6.1%) 0.011 This patient developed postoperative fever on the 1st postoperative day
admission and was found to have E.coli meningitis. During his treatment, he
Readmission 26 (5.7%) 15 11 (2.8%) <0.001 developed hydrocephalus requiring CSF shunting. A COVID-19 RT-PCR
within 1 month (24.2%) done prior to CSF shunting was positive on the 31st day after initial
Median days of 467 1375  4(,5) <0.001 surgery. He remained asymptomatic for COVID-19 and was discharged
hospital 19.5) . .
e in stable condition.
admission

3.9. Multivariate analysis of factors predicting postoperative fever

Multivariate analysis revealed that cranial over spinal surgery (HR:
1.82,95%ClI- 1.07, 17.14, p = 0.042), duration of surgery (HR:1.08, 95%
CI- 1.02, 1.14, p = 0.013), indwelling urinary catheter beyond POD 3
(HR: 8.40, 95%CI- 1.82, 38.46, p = 0.006) and wound drain retained
beyond POD 3 (HR: 6.94, 95%CI- 1.53, 31.25, p = 0.012) were signifi-
cant predictors of postoperative fever. (Table 4).

3.10. Organisms causing postoperative infections

Overall, 47 bacterial organisms were isolated in 36 cases. We noted a
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4. Discussion
4.1. Incidence of postoperative fever and its significance

Fever presents a common dilemma in the postoperative period
contributing to increased investigations, complications and cost [12].
While several physiological factors may contribute to fever in a post-
operative patient, including the accelerated production of pyrogenic
cytokines, fever due to infective causes need to be identified and treated
early. In this prospective study of 457 adult neurosurgical procedures,
we noted the incidence of postoperative elevation of temperature to be
22.3% of which 4.4% were transient elevations on POD 0 and 1 and
13.5% had fever that required investigation. This is lower than observed
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Fig. 4. Receiver Operating Characteristics analysis of the threshold of
maximum elevation of temperature predicting an infective cause of fever.

Table 4
Multivariate regression analysis of factors predicting postoperative fever.
Variable HR Pvalue  95% CI
Lower Upper
limit limit
Cranial surgery 1.824  0.042 1.076 17.142
Duration of surgery 1.080 0.013 1.020 1.141
Urinary catheter beyond Day 3  8.403  0.006 1.824 38.461
Wound drain beyond Day 3 6.944 0.012 1.538 31.25
Preoperative fever 0.548 0.622 0.050 5.975
Blood transfusion 1.973 0.429 0.366 10.622
Postoperative invasive 0.205 0.125 0.027 1.554
ventilation
EVD 0.634 0.681 0.073 5.545
Steroids beyond day 3 0.595 0.672 0.054 6.585

in some prior reports [3,13-15], despite a similar definition (Temper-
ature>100°F or 37.7 °C) [16], while being on par with others [4,17].
This wide variation of reported incidence of fever is explained by the fact
that several studies include or are focused solely on children, who
appear to have a higher incidence of fever than do adults [13,14] or on
specific neurosurgical procedures, such as hemispherectomy [14] or
posterior fossa surgery [18].

4.2. Implications of “early” postoperative fever

More than a third of elevated temperature in the postoperative
period was classified as transient elevated temperature, and, as per our
protocol, not investigated further. The “<102F one-time spike rule” in
the ICU setting, assumes that a single spike of fever measuring <102°F
or 38.8 °C is unlikely to be due to an infection, but more likely to be due
to drug reactions, transfusion-associated fever, or transient bacteraemia
from manipulation of indwelling urinary or venous catheters [5,19]. It is
not surprising that 50% of TET in our cohort occurred in the first 48 h
following surgery, when CVCs, urinary catheters and endotracheal tubes
were usually removed. These patients had outcomes comparable to
those without any elevation of temperature at all. Nevertheless, bacte-
rial meningitis, UTI and postoperative COVID infection also manifested
fever in the same time frame. Thus, if fever exceeds 102°F or 38.8 °C, is
associated with clinical deterioration, has distinguishing clinical fea-
tures or extends beyond the first 48 h after surgery a thorough investi-
gation for an infectious aetiology must be carried out. We support the
view that patients may be discharged when afebrile for > 24 h, however,
in view of the ongoing threat of COVID-19 infection, we recommend
early testing of patients with fever>102°F or 38.8 °C, thus minimising
the risk of exposure to others. Among the 3 cases of postoperative
COVID-19 infection in our cohort, 2 cases that manifested the infection
in the early postoperative period developed severe ARDS- both required
prolonged invasive ventilation and 1 of them succumbed to the virus.
The other patient acquired the infection >31 days after primary surgery
and had an asymptomatic course. While both patients who developed
severe ARDS had a recognised risk factor for severe COVID-19 compli-
cations, namely advanced age, current data on the outcomes of post-
operative COVID-19 infection in neurosurgical patients, though sparse,
suggests a similarly high mortality [20]. Our low number of post-
operative COVID-19 infections, likely a factor of our rigorous
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Table 5
Spectrum of organisms isolated in postoperative infections.
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Organism/Infection Meningitis UTI Pneumonia Wound infection Diarrhoea Sepsis MRSA/VRE/CRO/ESBL-producing
Staphylococcus aureus 1 2 1/3
Pseudomonas aeruginosa 1 3 1 2 0
Enterococcus 2 1 1/3
Escherichia coli 1 11 1 1 2/14
Klebsiella pneumoniae 1 4 3 2 5/10
Stenotrophomonas 1 0
Citrobacter 1 0
Enterobacter 2 1 0
Salmonella typhi 1 0
Acinetobacter baumanii 1 2 1 3/4

MRSA-Methicillin-resistant staphylococcus aureus.
VRE-Vancomycin-resistant enterococci.
CRO-Colistin-resistant organism.
ESBL-Extended-spectrum beta lactamase.

preoperative testing strategy prevents us from drawing more definitive
conclusions, however it seems prudent to employ strict measures in the
postoperative period to avoid COVID-19 transmission.

4.3. Factors associated with postoperative fever

Fever in the postoperative period significantly prolongs the duration
of hospital stay (13 days compared to 4 days), and therefore the
expenditure incurred by a patient [2,21]. We found that the factors
predisposing to postoperative fever were cranial surgery, prolonged
duration of surgery, urinary catheters and wound drains retained
beyond POD 3. Cranial surgery may contribute to the risk of fever due to
its longer duration than spinal surgery, more frequent opening of the
dura, blood in the subarachnoid space and access to the ventricles
[22,23]. Reports from general surgical cohorts suggest that the use of
wound drains and prolonged operative time are associated with post-
operative infections, although some also suggest that contaminated
types of surgery, emergency cases and those operated by residents rather
than attending surgeons may also be predisposed to developing post-
operative surgical site infections [24,25]. Thus, a consistent policy
regarding the early removal of urinary catheters and wound drains will
help mitigate the risk of postoperative fever.

Such measures must take precedence over the use of broad-spectrum
antibiotic prophylaxis, as a conservative prophylactic antibiotic policy is
sufficient to provide a low rate of postoperative infection with a low
incidence of multi-drug resistant organisms [26]. In the present report,
we noted that only a quarter of organisms cultured (25.5%) were
resistant to first-line antibiotics.

It is tempting in cases of postoperative fever to attribute pyrexia to
spurious “infections”, such as positive urine cultures in the absence of
pyuria. It has been demonstrated in various institutional settings that
bacteriuria is a common incidental finding, and initiation of antibiotic
therapy in such patients is not warranted [27,28]. Indeed, in our series,
6 cases evaluated for fever demonstrated organisms on urine culture in
the absence of pyuria, and, in consultation with our infectious disease
experts, we deferred antibiotics targeted toward those organisms. In 2
cases, further evaluation revealed other foci of infection (1 aseptic
meningitis and 1 pneumonia), while the other 4 resolved spontaneously
without clinical deterioration and were categorised as “unclassified”
fever.

4.4. Developing a protocol for the investigation of postoperative fever

Our protocol for the evaluation and management of postoperative
fever is outlined in Fig. 1. Patients were systematically examined for
features suggestive of meningitis, wound infections, urinary tract in-
fections, respiratory infections, thrombophlebitis, drug-related erup-
tions, and gastroenteritis. We also took into consideration risk factors of
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postoperative infections, such as invasive ventilation, CSF catheters, and
prolonged urinary catheterization. Investigations for the source of fever
were tailored to the results of our examination. For example, clinical
features of meningitis prompted imaging of the brain followed by a
lumbar puncture for CSF analysis, while features suggestive of a UTI
prompted a urine examination. While awaiting culture and sensitivity
reports, we started empirical antibiotics - meropenem in cases where
meningitis was suspected and piperacillin-tazobactam in other in-
fections. As shown in Table 2, however, localizing clinical features may
be absent in up to 25% of cases of meningitis and 58% of UTIs. While we
agree that clinical judgement must be used to reduce unnecessary testing
[15], it should be emphasized that undifferentiated fever in the absence
of any accompanying clinical features must be investigated systemati-
cally. This is particularly true in cases where risk factors for post-
operative infection are present, such as prolonged cranial surgery and
the prolonged use of urinary catheters or wound drains. We also
recommend analysis of the day of onset of fever and the degree of
elevation in temperature produced, that, in many cases, may hint at the
underlying cause.

5. Conclusions

Transient elevation of temperature is common following neurosur-
gery in the early postoperative period but does not portend serious
infection. It is important to distinguish these insignificant temperature
elevations from true postoperative fever, while cautiously evaluating
patients who have risk factors for postoperative infections. As localising
features may be absent in several infections, the patterns of fever appear
to be distinct and may guide surgeons as to the possible aetiology. The
incidence of postoperative infections may be reduced by early removal
of urinary catheters and wound drains.

6. Limitations

In our series of 457 surgeries, we report only 3 cases of COVID-19
infection postoperatively. While this demonstrated the efficacy of our
preoperative testing and isolation policy, it limited our ability to achieve
one of our objectives, which was to assess the outcomes of postoperative
COVID-19 infections among neurosurgical patients. Our threshold for
COVID-19 testing was also higher during the period of April-June 2020,
during which period the incidence of postoperative COVID-19 infection
may have been underestimated.
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